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The  "Manufacturing  Cost/Design  Guide"  (MC/DG)  enables  airframe  and  electronic 
designers  to  achieve  lowest  cost  by  conducting  trade-offs  between  manufacturing 
cost  and  other  design  factors.  When  fully  developed,  the  MC/DG  will,  for 
example,  permit  airframe  designers,  at  all  levels  of  the  design  process,  to 
quickly  perform  cost-trade  comparisons  of  manufacturing  processes  and  struc¬ 
tural  performance/cost  trade-offs  on  airframe  components  and  subassemblies  in 
metallic  and  composite  materials. 
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The  first  program,  reported  in  AFML-TR-76-227 ,  developed  a  model  of  the  MC/DG, 
the  contents,  cost  drivers,  data  requirements  and  designer-oriented  formats  for 
conventional  and  some  emerging  manufacturing  technologies,  and  also  an  imple¬ 
mentation  plan. 

The  second  program  (Contract  No.  F33615-77-C-5027)  consisted  of  four  phases  in 
which  manufacturing  man-hour  data  and  designer-oriented  formats  were  developed 
for  "Sheet-Metal  Aerospace  Discrete  Parts",  "First-Level  Mechanically  Fastened 
Assemblies",  and  "Advanced  Composite  Fabrication".  Further,  structural  perfor¬ 
mance/manufacturing  cost  trade-studies  were  conducted  by  designers  in  industry 
to  demonstrate  utilization  of  the  manufacturing  man-hour  data  developed  in  this 
program. 

The  data  developed  by  the  five  participating  aerospace  companies  were  normalized 
by  Battelle's  Columbus  Laboratories  and  the  data  plotted  in  designer-oriented 
formats.  Data  have  been  developed  for  base  parts  and  discrete  parts.  The  base 
part  is  a  structural  element  in  its  simplest  form  and  when  modified  with  de¬ 
signer-influenced  cost  elements  (DICE)  such  as  joggles,  cutouts,  and  heat  treat¬ 
ment,  a  discrete  part  ready  for  assembly  is  obtained.  Typical  DICE  analyzed  for 
mechanically  fastened  assemblies  are  accessibility,  material  types,  part  and 
fastener  counts,  and  sealing  requirements.  For  composites,  typical  DICE  are 
orientation  and  number  of  plies,  overlaps,  fiber  mix,  cutouts,  and  quality  re¬ 
quirements  . 

The  data  are  presented  in  the  series  of  formats  showing  cost-driver  effects 
(CDE)  and  cost-estimating  data  (CED)  and  have  been  evaluated  in  trade-offs 
on  various  fuselage  panels  designed  in  titanium,  aluminum,  and  graphite/epoxy . 

The  third  program  (Contract  No.  F33615-79-C-5102)  required  the  development  of 
MC/DG  sections  on  castings,  forgings,  extrusions,  and  test,  inspection  and 
evaluation  (TI&E) .  Furthermore,  as  castings,  forgings,  and  extrusions  are 
normally  machined  prior  to  assembly  in  aerospace  structures,  data  and  formats 
were  developed  for  the  machining  of  typical  discrete  parts  manufactured  utiliz¬ 
ing  these  methods.  TI&E  was  included  in  the  MC/DG  as,  in  the  case  of  certain 
materials  such  as  graphite/epoxy  and  manufacturing  methods  such  as  castings, 
this  can  be  a  cost-driver  that  needs  to  be  included  in  trade-off  studies  compar¬ 
ing  various  manufacturing  methods. 

The  third  program  also  required  the  development  of  an  MC/DG  for  electronics 
fabrication,  assembly,  and  TI&E.  A  series  of  typical  discrete  parts  such  as 
transistors,  capacitors,  diodes,  and  hybrids  were  analyzed  and  also,  typical 
assemblies  such  as  printed  wiring  boards.  Hand,  semiautomatic  and  automatic 
soldering  and  insertion  processes  were  also  analyzed.  Furthermore,  the  manu¬ 
facturing  cost  to  meet  typical  reliability  requirements  in  electronics  is  also 
presented  to  the  designer  for  the  selected  discrete  parts. 

The  fourth  program  required  the  development  of  a  functional  section  of  the 
MC/DG  for  machining  of  metals  and  also  a  section-by-section  layout  of  a 
model  of  the  MC/DG  for  utilization  in  conceptual  design.  The  MC/DG  for 
machining  contains  CDE  formats  for  part  size,  material  types/removal  rates, 
tolerances,  finishes,  and  hog-outs.  The  CED  formats  are  presented  in  three 
groups  showing  machining  features  of  frames,  bulkheads,  wing  skins,  beams, 
spars,  ribs,  stiffeners,  and  longerons;  machining  features  of  pins,  bolts, 
bushings,  inserts,  sleeves,  etc.;  and  also  general  machining  features  appli¬ 
cable  to  most  machined  airframe  parts.  The  conceptual  design  model  of  the 
MC/DG  draws  on  the  formats  developed  under  earlier  programs  where  data  is  I 
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presented  which  influences  material  selection,  configuration  type,  and  other 
considerations  at  this  phase  where  significant  leverage  exists  to  reduce  cost. 

This  volume  provides  an  overview  of  course  contents,  press  releases,  executive 
summary  brochure,  press  accounts,  presentations  and  briefings  given  on  the 

MC/DG  to  accelerate  technology  transfer  of  the  MC/DG  program  results.  A 
discussion  of  the  organization  of  the  coalition  or  team  is  also  included  as 
this  was  a  factor  in  achieving  rapid  utilization  of  the  MC/DG  by  design  staff 
of  the  aerospace  member  companies. 

This  project 

Is  reported  in  a  six-volume  Final  Technical  Report  as  follows: 

VOLUME  I. 

User's  Manual  -  Airframes  Volume  1 

Contains: 

e  Utilization  Procedures 
e  Trade-Off  Study  Examples 
e  MC/DG  Sections  for: 

-  Sheet  Metal 

-  Mechanically  Faatanad  Aasambly 

-  Composites 

VOLUME  11. 

User's  Manual  -  Airframes  Volume  2 

Contains: 

e  MC/DG  Sections  for: 

-  Extrusions 

-  Castings 

-  Forgings 

VOLUME  III. 

User's  Manual  -  Airframes  Volume  3 

Contains: 

e  MC/DG  Test,  Inspection  &  Evaluation  Section  for: 

-  Sheet  Metal 

-  Mechanically  Fastened  Assemblies 

-  Castings 

-  Forglnga 

-  Machining 

-  Composites 

VOLUME  IV. 

User's  Manuel  -  Electronics  Volume  1 

Contains: 

e  Design  Process  Descriptions 
e  Conceptual  Design  Section  for: 

-  New  Technology  -  Part  Count 

-  Number  of  Assemblies  -  Part  Selection 

-  Common  Functions  —  Reliability 

-  Digital  Design  —  Package 

-  Built-in  Teat 

e  Detail  Design  Section  for: 

-  Mechanization  -  Insertion  Process 

-  Processes  -  Soldering  Process 

VOLUME  V. 

User's  Manual  -  Airframes  Volume  4 

VOLUME  VI. 

Project  Summary 

VOLUME  VII. 

Technology  Transfer  Summary 
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FOREWORD 


This  Manufacturing  Cost/Design  Guide  document  covers  the  work  performed 
under  Air  Force  Contract  FJ3615- 79-C-5102  from  1  October  1979  through 
31  August  1984 .  The  contract  is  sponsored  by  the  Computer  Integrated  Manu¬ 
facturing  Branch,  Manufacturing  Technology  Division,  Materials  Laboratory, 
Air  Force  Wright  Aeronautical  Laboratories.  The  ICAM  Project  Manager  is 
Capt.  Richard  R.  Preston.  In  previous  phases,  the  following  Air  Force  per¬ 
sonnel  directed  the  program;  Mr.  John  R.  Williamson,  Capt.  Dan  L.  Shunk,  and 
Capt.  Steven  R.  LeClair. 

The  organization  of  the  program  is  comprised  of  a  coalition  of  seven 
participating  companies  with  Battelle's  Columbus  Laboratories  (BCL)  as  the 
prime  contractor.  Mr.  Bryan  R.  Noton  is  the  BCL  Program  Manager.  The  other- 
participating  companies  of  the  coalition  are  listed  below: 


Airframe  Company  Subcontractors 


Program  Managers 


General  Dynamics  Corporation,  Fort  Worth 
Division 

Grumman  Aerospace  Corporation 

Honeywell,  Incorporated 
Lockheed-California  Company 

Metcut  Research  Associates,  Inc, 


Ben  E.  Kaminski 
Phillip  M.  Bunting 

Vincent  T.  Padden 
Anthony  J.  Tornabe 

Robert  R.  Remski 

Anthony  J.  Pillera 
John  F.  Workman 

Robert  L.  Carlton 
T.  Raj  Aggarwal 


Northrop  Corporation,  Aircraft  Group 

Rockwell  International  Corporation, 

North  American  Aircraft  Operations 

Rockwell  International  Corporation,  Avionics 
&  Missiles  Group,  Collins  Avionics  Division 

In  Critique  Mode:  Boeing  Commercial  Airplane 
Company 


John  R.  Hendel 
A1  P.  Langlois 

Ralph  A.  Anderson 

John  G.  Vecellio 

David  Weiss 
Peter  H.  Bain 


Note  that  the  number  and  date  in  the  upper  right  corner  of  each  page 
of  this  document  indicates  that  the  document  has  been  prepared  according 
to  ICAM's  Configuration  Management  Life  Cycle  Documentation  requirements 
for  Configuration  Items  (CIs) . 
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SECTION  1.0 
INTRODUCTION 


1.1  Project  4502  Objectives 

The  "Manufacturing  Coat/Design  Guide"  (MC/DG)  Study  was  initiated 
by  the  Air  Force  to  further  aid  in  the  attainment  of  the  objectives  of 
the  Integrated  Computer-Aided  Manufacturing  (ICAM)  program. 

The  ICAM  objectives  are  to: 

1)  Reduce  aerospace  systems  cost 

2)  Provide  leadership  to  industry 

3)  Increase  competence  in  aerospace  manufacturing 

4)  Provide  for  ICAM  technology  transfer 

3)  Improve  mobilization  position  of  the  USAF 

6)  Demonstrate  the  capability  for  a  totally  integrated  manu¬ 
facturing  system. 

The  Project  4502  Objectives  are  directed  at  reducing  the  cost  of 
both  airframes  and  electronics.  The  specific  objectives  are  to: 

1)  Provide  designers  with  urgently  needed,  quantitative  cost 
comparisons  of  manufacturing  processes  that  are  quick  and 
simple  to  use  in  the  design  process 

2)  Emphasize  design  orientation  of  MC/DG  formats  and  manufac¬ 
turing  man-hour  data  for  use  at  all  phases  of  the  design 
process,  i.e.,  preliminary  and  detail  design,  therefore, 
increasing  emphasis  on  cost  as  a  vital  design  parameter 

3)  Enable  additional  and  more  extensive  manufacturing  cost 
trade-offs  to  be  conducted  on  aerospace  airframe  and 
electronic  component  fabrication  and  assembly 

4)  Indicate  cost  saving  potential  of  emerging  materials  and 
manufacturing  methods  to  accelerate  the  transfer  of  these 
technologies  to  production  hardware 

5)  Guide  the  designer  to  the  lowest  cost  design  concepts  and 
manufacturing  processes  early  in  the  design  phase 

6)  Identify  cost-driving  manufacturing  operational  sequences 
and,  hence,  provide  targets  for  future  computer-integrated 
manufacturing  (CIM)  efforts. 
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1.2  Document  Identification 


This  volume  documents  the  material  developed  to  facilitate  the 
dissemination  of  the  data  and  concepts  developed  under  ICAM  Project 
Priority  4502  "Manufacturing  Cost/Design  Guide"  Data  Development  for 
Airframes  and  Electronics. 

This  technology  transfer  material  provides  executive  overviews  of 
the  ICAM  "Manufacturing  Cost/Design  Guide  (MC/DG)"  data,  designer- 
oriented  formats  and  methodologies  developed,  and  the  utilization  and 
benefits  to  industry  and  the  Air  Force.  The  examples  of  the  various 
presentations  can  be  used  for  seminar  material  for  introducing  the 
MC/DG.  For  example,  a  briefing,  included  in  Appendix  F,  provides  the 
background,  purpose,  organization,  examples  of  data  and  formats,  and  a 
utilization  example  on  an  integrated  airframe  design  problem  and 
industry  application. 

1.3  Functional  Description  of  Document 

This  volume  documents  the  technology  transfer  materials  developed 
under  ICAM  Project  Priority  4502;  ICAM  "Manufacturing  Cost/Design  Guide" 
Data  Development  for  Airframes  and  Electronics.  Appendices  provide 
examples  of  the  individual  publications. 

The  following  document  request  order  form  may  be  used  to  request 
copies  of  the  reports  prepared  under  this  program. 
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SECTION  2.0 

ACHIEVEMENT  OF  TECHNOLOGY  TRANSFER 


2 . 1  Activities  to  Achieve  Technology  Transfer 

To  shorten  the  time-span  in  achieving  the  utilization  of  research 
results,  it  is  desirable  to  provide  the  information  on  cost-drivers  and 
cost  avoidance,  in  a  number  of  ways  such  as  follows: 

•  Team  or  Coalition  Organization 

•  Courses  and  Seminars 

•  Press  Releases  by  Air  Force  and  Contractor  and  Accounts  in 
Press 

•  Presentations  at  National  Conferences  (trends  and  no  hard 
data  provided) 

•  Briefings. 

These  activities  are  described,  or,  where  appropriate,  listed 
below. 

2.1.1  Team  or  Coalition  Organization 

Important  advantages  are  evident  in  the  development  of  manufactur¬ 
ing  man-hour  data  by  a  team  of  major  aerospace  companies  and  some  of  the 
advantages  facilitate  technology  transfer.  The  principal  advantages  are 
as  follows: 

•  Provides  a  cross-section  of  small  and  large  aircraft  for 
the  entire  industry;  both  military  and  commercial 

•  Present  team  members  have  large  interface  with  all  levels 
of  designers.  Therefore,  the  MC/DG  has  been  transitioned 
more  rapidly  to  the  design  process  than  customary  in 
industry 

•  Team  draws  on  each  company's  expertise  related  to  specific 
manufacturing  facilities  which  favorably  influences  the 
viability  of  the  results 

•  Team  has  an  extensive  source  of  available  data  for  use  in 
verifying  calculated  data  and  therefore  a  broad  base  is 
provided  from  which  to  develop  manufacturing  data  for  the 
MC/DG  functional  sections 

•  Team  provides  the  required  base  for  deriving  average  indus¬ 
try  data 

•  Team  provides  confidence  to  data  and  formats  for  designer 
use,  rather  than  a  parochial  point  of  view  of  a  single 
company 
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•  Team  has  established  ground  rules  and  methodologies  to 
develop  manufacturing  man-hour  data  and  designer-oriented 
formats 

•  Team  provides  a  broad  base  for  emerging  technologies  and 
utilization  of  Air  Force  manufacturing  technology  (MT)  pro¬ 
gram  results,  e.g.,  superplastic  formed/diffusion  bonded 
titanium. 

As  indicated  in  the  Foreword  to  this  volume,  seven  major  aerospace 
companies  participated  in  this  team.  At  each  company,  between  six  and 
ten  persons  were  involved  in  data  development  and  also  the  test  and 
evaluation  of  the  final  averaged  data  to  be  presented  in  the  manufactur¬ 
ing  technology  function  sections  of  the  MC/DG.  At  the  proposal  stages, 
each  company  agreed  to  provide  highly  experienced  staff  from  the  dif¬ 
ferent  disciplines  required  to  develop  documents  which  will  be  approved 
by  management  and  subsequently  accepted,  with  enthusiasm  by  designers  to 
not  only  minimize  design  and  manufacturing  costs,  but  also  to  substan¬ 
tially  improve  design/manufacturing  interaction.  The  staff  provided  by 
the  companies  to  work  on  the  MC/DG  were  highly  qualified  and  in  some 
cases  posessed  30-40  years  of  experience.  The  staff  represented  the 
following  areas: 

•  Management  (concurrence  necessary  to  assure  MC/DG  utiliza¬ 
tion) 

•  Engineering  (design  and  support) 

•  Manufacturing  (fabrication,  tooling,  and  quality  control) 

•  Cost-Estimating 

•  Procurement  (materials,  parts,  and  equipment). 

Prior  to  development  of  data  and  with  Air  Force  approval,  a  survey 
was  conducted  in  many  large  aerospace  companies  and  84  responses  were 
received.  The  surveys  and  workshops  held  in  1976,  at  the  initial 
industry  briefing  at  Battelle's  Columbus  Laboratories  resulted  in  the 
following  criteria  for  development  of  the  cost-driver  effect  (CDE)  and 
cost-estimating  data  (CED)  formats  to  achieve  designer  usage: 

•  Emphasize  cost  drivers 

•  Be  simple  to  use 

•  Use  designer  language 

•  Instill  confidence 

•  Be  economical 

•  Be  accessible 

•  Be  maintainable. 

2.1.2  Report  Distribution  Within  Team 

Throughout  the  accomplishment  of  the  MC/DGs  for  Airframes  and 
Electronics,  comprehensive  monthly  reports  have  been  prepared  and 
distributed,  not  only  to  the  Project  Engineers  in  industry,  but  also  to 
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their  managers.  Management  has  therefore,  on  a  monthly  basis,  had  the 
opportunity  to  follow  the  development  of  the  MC/DGs.  This  has  stimulated 
the  interest  of  management,  frequently  at  Vice-President  level  and 
management  has  subsequently  provided  encouragement  and  support  to  the 
MC/DG  groups  within  the  aerospace  company.  Furthermore,  the  detailed 
monthly  reports,  with  the  latest  data  served  as  a  reference  document  for 
each  program  manager  and  thus  circumvented  problems  which  would  other¬ 
wise  be  possible  due  to  the  large  numbers  of  memos,  letters,  tables  of 
data,  etc.,  that  must  be  generated  on  such  a  program.  The  result  was 
that  the  team-member  companies  were,  in  some  cases,  utilizing  the  data 
and  formats  in  design  well  ahead  of  the  distribution  dates  for  the 
interim  and  final  reports. 

2.1.3  Courses  and  Seminars 

A  course  has  been  prepared  on  "Design  and  Manufacturing-to-Lowest 
Cost"  and  during  the  1982—83  time-frame,  this  course  has  been  given  to 
various  groups.  The  outline  of  this  course  is  included  as  Appendix  A. 
The  course  can  be  tailored  as  executive  overviews,  i.e.,  l%-3  hours,  as  a 
one-day  intensive  course  or  as  a  three-day  course.  It  is  not  only  suited 
to  experienced  designers,  but  has  been  found  to  be  particularly  informa¬ 
tive  for  unseasoned  designers  that  have  not  been  trained  in  meeting 
design  requirements  at  the  minimum  possible  cost.  A  major  objective  of 
this  course  is  to  put  designers  on  the  lowest  cost  track  in  utilizing 
both  conventional  and  some  emerging  technologies. 

The  executive  overviews  of  the  course  have  been  given  to: 

•  Northrop  Corporation's  Aircraft  Group 

•  Goodyear  Aerospace  Corporation,  Akron,  Ohio,  and  Tempe,  Arizona. 

Three  one-day  courses  have  been  given  at  Wright-Patterson  Air  Force 
Base  and  was  attended  by  approximately  280  attendees. 

The  three-day  course  has  been  given  to: 

•  General  Dynamics  Corporation,  Convair  Division,  and, 

•  Rockwell  International,  North  American  Aircraft  Operations, 

Los  Angeles. 

2.1.4  Press  Releases  and  Accounts  in  Press 

At  various  stages  in  the  development  and  acceptance  of  the  data  and 
formats  by  designers  in  industry,  it  was  found  to  be  appropriate  and 
timely  to  issue  press  releases,  with,  in  the  case  of  Battelle's  Columbus 
Laboratories,  Air  Force  approval.  These  press  releases  indicate,  for 
example,  actual  and  projected  cost  savings.  These  press  releases  have 
resulted  in  several  accounts  in  the  press  and  these  also  follow. 
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Press  Releases 


1.  "Designer's  Guide  With  A  New  Approach",  United  States  Air 
Force,  Aeronautical  Systems  Division,  Office  of  Public  Affairs 
(ASD/PA),  Wright-Patterson  Air  Force  Base,  Ohio,  30  June 
1982. 

2.  Battelle's  Columbus  Laboratories,  4  March  1983. 

3.  Battelle's  Columbus  Laboratories,  25  May  1984. 

Copies  of  the  Press  Releases  are  included  in  Appendix  B. 

Accounts  in  Press 


1.  "AF  Developing  Guide  for  Reducing  Airframe  Costs",  Defense/Space 
Business  Daily,  8  January  1979. 

2.  "Battelle/Industry  Team  Trying  to  Trip  Aircraft  Manufacturing 
Costs",  Aerospace  Daily,  3  January  1980. 

3.  "Battelle/Industry  Team  Trying  to  Reduce  Design  Costs",  The 
Weekly  of  Business  Aviation,  7  January  1980. 

4.  Software  Digest,  10  January  1980. 

5.  Technical  Survey  Weekly,  12  January  1980. 

6.  Aerospace  Project  Focuses  on  Manufacturing  Costs,  February 
1980. 

7.  "Aircraft  Manufacturing  Costs  Guide",  Tooling  and  Production 
Business  Briefs,  22  February  1980. 

8.  ICAM  "Manufacturing  Cost/Design  Guide"  --  The  MC/DG  in  Education, 

The  ICAM  Program  Report,  Integrated  Computer-Aided  Manufacturing 
Branch  (AFWAL/MLTC ) ,  July  1981. 

9.  Expansion  of  ICAM  "Manufacturing  Cost/Design  Guide"  (MC/DG), 

The  ICAM  Program  Report,  Integrated  Computer-Aided  Manufacturing 
Branch  (AFWAL/MLTC),  October  1981 

10.  Potential  Payoff  of  Utilizing  ICAM  "MC/DG  For  Electronics", 

The  ICAM  Program  Report,  Integrated  Computer-Aided  Manufacturing 
Branch  (AFWAL/MLTC),  March  1982. 

11.  "Designer's  Guide  With  A  New  Approach",  The  ICAM  Program 

Report,  Integrated  Computer-Aided  Manufacturing  Branch  (AFWAL/MLTC), 
August  1982 


TTD450260000 
12  Sept  1984 


12.  Business  Aviation,  23  August  1982. 

13.  "Guide  Available  to  Determine  Airframe,  Electronics  Costs", 
Aviation  Daily,  8  September  1982. 

14.  "Guide  Speeds  Manufacturing  Cost  Studies",  Test  and  Measurement 
World  Monthly,  October  1982. 

15.  "Guide  for  Designers  Helps  Reduce  Manufacturing  Costs",  Production 
Engineering  Monthly,  October  1982. 

16.  "Guide  Cuts  Costs",  Electronic  Packaging  and  Production, 

October  1982. 

17.  "Industrial  Processes",  Battelle  Memorial  Institute,  1983 
Annual  Report. 

18.  "Designer's  Guide  With  A  New  Approach  --  ASD",  TIG  Brief, 

The  Inspector  General,  4  April  1983. 

19.  "ICAM  Success  Recognized  by  OSD",  The  ICAM  Program  Report, 
Integrated  Computer-Aided  Manufacturing  Branch  (AFWAL/MLTC) , 
October  1983. 


2.1,5  Presentations 

Approximately  38  presentations,  many  invited,  have  been  given  on  the  Air  Force 
ICAM  "Manufacturing  Cost/Design  Guide".  The  following  presentations  were  frequently 
given  by  Mr.  Bryan  Noton,  Program  Manager,  MC/DG.  Those  presentations  which  were 
co-authored  with  Air  Force  and  industry  project  engineers  on  the  guide  are  also  in¬ 
dicated  below. 


1.  "U.S.A.F.  Manufacturing  Cost/Design  Guide  for  Airframes",  Co¬ 
authored  with  Mr.  J.  R.  Williamson,  Aircraft  Systems  &  Tech¬ 
nology  Conference,  sponsored  by  the  Americ in  Institute  of 
Aeronautics  and  Astronautics  (AIAA) ,  Los  Angeles,  California, 
August  1975,  16  pp. 

2.  "The  USAF/AFML  Manufacturing  Cost/Design  Guide",  Workshop  on 
Increased  Productivity,  sponsored  by  the  Aerospace  Industries 
Association  of  America,  Los  Angeles,  California,  6-7  April 
1976. 

3.  Air  Force  ICAM  "Manufacturing  Cost/Design  Guide",  Co-authored 
with  Capt.  Dan  L.  Shunk,  Materials  Laboratory,  Wright-Patterson 
Air  Force  Base,  Aircraft  Systems  and  Technology  Meeting, 
American  Institute  of  Aeronautics  and  Astronautics  (AIAA), 
Dallas,  Texas,  27-29  September  1976. 
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4.  "Airframe  Project  Opportunities  to  Reduce  Cost",  Army  Aviation 
Manufacturing  Technology  Conference,  Palo  Alto,  California, 

7-11  November  1977. 

5.  "Selection  of  Manufacturing  Processes",  Seminar  on  Designing 
for  Low  Cost  Manufacturing,  Sponsored  by  Society  of  Manufac¬ 
turing  Engineers  (SME) ,  Dayton,  Ohio,  15-17  November  1977. 

6.  "Manufacturing  Cost/Design  Guide  (MC/DG)",  Co-authored  with 
Capt.  Dan  L.  Shunk,  Integrated  Computer-Aided  Manufacturing 
Branch,  23rd  National  Symposium  and  Exhibition,  sponsored  by 
Society  for  the  Advancement  of  Material  and  Process  Engineering 
(SAMPLE),  Anaheim,  California,  2-4  May  1978,  pp.  61-93. 

7.  Air  Force  "Manufacturing  Cost/Design  Guide",  Co-authored  with 
Capt.  D.  L.  Shunk,  Air  Force  Materials  Laboratory,  Wright- 
Patterson  Air  Force  Base,  Fourth  DoD/NASA  Conference  on 
Fibrous  Composites  in  Structural  Design,  San  Diego,  California, 
13-17  November  1978. 

8.  "Air  Force  -  Manufacturing  Cost/Design  Guide  -  Its  Objectives 
and  Potential",  Fifth  Structural  Composite  Manufacturing 
Applications  Conference,  Society  of  Manufacturing  Engineers 
(SME),  St.  Petersburg,  Florida,  5-7  December  1978. 

9.  "Manufacturing  Cost/Design  Guide  for  Metallic  and  Composite 
Materials",  Department  of  Engineering  Sciences,  University  of 
Florida,  Gainesville,  Florida,  26  January  1979. 

10.  "Air  Force  Manufacturing  Cost  Design  Guide  (MC/DG)"  Co-authored 
with  Capt.  D.  L.  Shunk,  38th  Annual  Conference  of  the  Society 
of  Allied  Weight  Engineers  (SAWE) ,  New  York,  N.Y.,  7-9  May  1979. 
SAWE  Paper  No.  1291,  53  pp. 

11.  "Manufacturing  Cost/Design  Guide",  Symposium  on  Advanced 
Composites:  Design  and  Applications",  Mechanical  Failures 
Prevention  Group  (MFPG) ,  Sponsored  by  National  Bureau  of 
Standards,  Office  of  Naval  Research,  Naval  Air  Development 
Center,  Department  of  Energy,  and  NASA/Goddard  Space  Flight 
Center,  Gaithersburg,  Maryland,  23-25  May  1979. 

12.  "Manufacturing  Cost/Design  Guide  (MC/DG)",  Air  Force  ICAM 
Industry  Days,  Materials  Laboratory  (AFWAL/ML) ,  Wright- 
Patterson  Air  Force  Base,  Ohio,  and  Society  of  Manufac¬ 
turing  Engineers  (SME),  Detroit,  Michigan,  10-13  September 
1979. 

13.  "Manufacturing  Cost/Design  Guide"  Department  of  Defense  1979 
Manufacturing  Technology  Advisory  Group  (MTAG)  Conference, 
Phoenix,  Arizona,  22-25  October  1979,  65  pp. 

14.  "Manufacturing  Cost/Design  Trade-Studies",  Clinic  on  Design 
for  Low  Cost  Manufacturing,  Society  of  Manufacturing  Engineers 
(SME),  Cleveland,  Ohio,  27-29  November  1979,  65  pp. 

15.  "Design/Manufacturing  Interaction"  Air  Force  Integrated 
Computer-Aided  Manufacturing  (ICAM)  Composites  Workshop, 

9-11  January  1980,  71  pp. 
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16.  "The  ICAM  Cost  Design  Guide  and  Its  Application  to  NDE" 

Lockheed  Corporation  NDE  Task  Force,  Research  Laboratory, 

Palo  Alto,  California,  14-15  February  1980. 

17.  "Selection  of  Manufacturing  Processes",  Designing  for  Low 
Cost  Manufacturing  Clinic,  Society  of  Manufacturing  Engineers 
(SME),  Charlotte,  North  Carolina,  15-17  April  1980,  65  pp. 

18.  "ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)"  Conference  on 
Structural  Composite  Manufacturing  Applications,  Society  of 
Manufacturing  Engineers  (SME),  Los  Angeles,  California,  10-12 
June  1980,  71  pp. 

19.  "Utilization  of  a  Manufacturing  Cost/Design  Guide  to  Determine 
the  Cost  Impact  of  Materials  Substitution",  Workshop  on  Mate¬ 
rials  Substitution  Methodologies,  National  Materials  Advisory 
Board  (NMAB),  Study  Center  of  the  National  Academy  of  Sciences, 
Woods  Hole,  Massachusetts,  11-12  June  1980. 

20.  "ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)  for  Airframes 
and  Electronics",  ICAM  Industry  Days  Conference,  St.  Louis, 
Missouri,  29  September  through  1  October  1980,  pp.  B.291-B.301. 

21.  "Design  and  Manufacturing-to-Cost",  1980  Technology  Briefing 
on  "Productivity:  Status,  Impact  and  Direction",  Battelle 
Memorial  Institute,  Columbus,  Ohio,  2-3  October  1980. 

22.  "Review  of  the  Air  Force  Manufacturing  Cost/Design  Guide", 
Midwest  Chapter,  Society  for  the  Advancement  of  Material  and 
Process  Engineering  (SAMPLE),  Dayton,  Ohio,  14  October  1980. 

23.  "Manufacturing  Cost/Design  Trade-Off  Methodology"  First  Japan- 
United  States  Conference  on  Composite  Materials,  Tokyo,  Japan, 
12-14  January  1981. 

24.  "Development  and  Utilization  in  Design  Process  of  ICAM  Manu¬ 
facturing  Cost/Design  Guide"  (MC/DG).  Fifth  DoD/NASA  Con¬ 
ference  on  Fibrous  Composites  in  Structural  Design,  New  Orleans 
Louisiana,  27-29  January  1981. 

25.  "Manufacturing  Cost/Design  Guide  (MC/DG)  for  Metallic  and 
Composite  Structures",  Co-authored  with  Capt.  R.  R.  Preston, 
AIAA  Paper  No.  81-0518-CP,  Proceedings  of  American  Institute 
of  Aeronautics  and  Astronautics  (AIAA)/ASME/ASCE/AHS  22nd 
Structures,  Structural  Dynamics  and  Materials  Conference, 
Atlanta,  Georgia,  6-8  April  1981,  pp.  445-462. 

26.  "ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)  Background, 
Metallic  and  Nonmetallic  Demonstration  Sections",  Co-authored 
with  Capt.  Richard  R.  Preston,  Materials  Laboratory  (AFWAL/ 
MLTC) ,  26th  National  Symposium  and  Exhibition,  sponsored  by 
the  Society  for  the  Advancement  of  Material  and  Process 
Engineering  (SAMPE),  Los  Angeles,  California,  28-30  April  1981, 
pp. 578-592. 
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27.  "Utilization  in  Industry  of  ICAM  Manufacturing  Cost/Design 
Guide  (MC/DG)  for  Composite  Structures",  Authored  by  Dean  S. 
Klivans,  Rockwell  International  Corporation,  and  Co-authored  by 
Bryan  R.  Noton,  Battelle's  Columbus  Laboratories,  26th  National 
Symposium  and  Exhibition,  sponsored  by  the  Society  for  the 
Advancement  of  Material  and  Process  Engineering  (SAMPE),  Los 
Angeles,  California,  28-30  April  1981,  pp.  593-600. 

28.  "Utilization  in  Industry  of  ICAM  Manufacturing  Cost/Design 
Guide  (MC/DG)  for  Metallic  Structures",  Authored  by  Anthony  J. 
Pillera,  Lockheed  California  Company,  and  Co-authored  by  Bryan 
R.  Noton,  Battelle's  Columbus  Laboratories,  26th  National 
Symposium  and  Exhibition,  sponsored  by  the  Society  for  the 
Advancement  of  Material  and  Process  Engineering  (SAMPE) ,  Los 
Angeles,  California,  28-30  April  1981,  pp.  601-606. 

29.  "The  ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)  for  Avionics", 
Authored  by  John  G.  Vecellio,  Rockwell  International  Corporation, 
and  Co-authored  by  Bryan  R.  Noton,  Battelle's  Columbus  Labora¬ 
tories  j  26th  National  Symposium  and  Exhibition,  sponsored  by 

the  Society  for  the  Advancement  of  Material  and  Process 
Engineering  (SAMPE),  Los  Angeles,  California,  28-30  April  1981, 
pp.  607-619. 

30.  "Manufacturing  Cost  Trade-Studies  in  Avionics",  Co-authored 
with  Mr.  John  G.  Vecellio  and  Mr.  Robert  Remski,  13th  National 
Technical  Conference,  Society  for  the  Advancement  of  Material 
and  Process  Engineering  (SAMPE),  Mount  Pocono,  Pennsylvania, 

13-15  October  1981,  pp.  364-379. 

31.  "Fabrication  Development  Requirements  and  Cost  Analysis 
Methodologies",  Conference  Theme:  "Advanced  Composites  - 
New  Directions  in  Performance  and  Reliability",  Society  of 
Plastics  Engineers  (SPE),  Louisville,  Kentucky,  4-5  November 
1981. 

32.  "ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)"  Composites  in 
Manufacturing  Conference,  Society  of  Manufacturing  Engineers 
(SME),  Anaheim,  California,  12-14  January  1982,  71  pp. 

33.  "Manufacturing  Cost/Design  Guide  (MC/DG)  Data  Development  for 
Air  Frames  and  Electronics",  Proceedings  of  the  Air  Force 
Sixth  Annual  ICAM  Industry  Days  Conference,  New  Orleans, 
Louisiana,  17-20  January  1982,  pp,  93-153. 

34.  "Successful  Technology  Transfer  with  the  Cost/Design  Guide", 

Fifth  Technology  Briefing,  Conference  Theme:  "Technology 
Implementation:  Capitalizing  on  R&D",  Battelle's  Columbus 
Laboratories,  Columbus,  Ohio,  19-20  October  1982. 

35.  "Air  Force  ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)  for 
Electronics",  Co-authored  with  Mr.  Robert  R.  Remski,  Honeywell, 
Inc.,  Department  of  Defense  Manufacturing  Technology  Advisory 
Group  (MTAG)  Conference,  Phoenix,  Arizona,  19-20  October  1982, 
pp.  12-34. 
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H>.  "Air  Force  ICAM  Manufacturing  Cost /Design  Guide  (MC/DC)  for 
Airframes",  Department  of  Defense  Manufacturing  Technology 
Advisory  Group  (MTAG)  Conference,  Phoenix,  Arizona,  19-20 
October  1982,  pp.  3-26. 

37.  In  Plenary  Session:  "Cost  Factors  and  Approach  Methodology 

in  Selecting  Structural  Materials  and  Manufacturing  Technologies", 
AIAA  Paper  No.  83-0791-CP,  American  Institute  of  Aeronautics 
and  Astronautics  (AIAA) /ASME/ASCE/AHS  24th  Structures,  Struc¬ 
tural  Dynamics  and  Materials  Conference,  Lake  Tahoe,  Nevada, 

2-4  May  1983,  .18  pp. 

38.  "ICAM  Manufacturing  Cost/Design  Guide  (MC/DG)",  Proceedings  of 
the  Air  Force  Seventh  Annual  ICAM  Industry  Days  Conference,  New 
Orleans,  Louisiana,  5-9  June  1983,  pp.  223-252. 


2.1.6  Briefings 

The  contractual  requirements  stipulate  an  end-of-contract  briefing 
to  be  given.  However,  through  the  Air  Force  Project  Engineer,  AFWAL/MLTC, 
invitations  have  been  received  to  present  additional  briefings.  These  are 
listed  below  and  an  example  is  included  in  Appendix  F. 

1.  "Manufacturing  Cost/Design  Guide"  Background,  Development, 
Utilization,  and  Computerization,  Briefing  to  Integrated 
Computer-Aided  Manufacturing  Program  Office,  Air  Force 
Materials  Laboratory/LTC,  Wright-Patterson  Air  Force  Base, 

Ohio,  13  December  1978,  250  pp, 

2.  "Manufacturing  Cost/Design  Guide  (MC/DG),  Data  Development, 
Computerization  and  Utilization",  End-of-Contract  Briefing 
for  Integrated  Computer-Aided  Manufacturing  Program  Office, 

Air  Force  Materials  Laboratory,  Wright-Patterson  Air  Force 
Base,  Ohio,  12  April  1979,  335  pp. 

3.  "Manufacturing  Cost/Design  Guide  (MC/DG)",  Joint  MC/DG  Co¬ 
alition  Technical  Review,  Computer  Integrated  Manufacturing 
Branch,  Materials  Laboratory  (AFWAL/MLTC),  Air  Force  Wright 
Aeronautical  Laboratories,  Wright-Patterson  Air  Force  Base, 

Ohio,  13-14  August  1980,  186  pp. 

4.  "The  Importance  of  the  ICAM  Manufacturing  Cost/Design  Guide 
(MC/DG)  in  Aeronautical  Systems  Division  (ASD)  Acquisitions", 

28  May  1981. 

5.  "Air  Force  ICAM  Manufacturing  Cost/Design  Guide  for  Airframes 
and  Electronics",  Briefing  to  U.S.  Army  Missile  Command  Co¬ 
alition,  Wright-Patterson  Air  Force  Base,  Ohio,  1  September 
1981,  198  pp. 

6.  "Air  Force  ICAM  Manufacturing  Cost/Design  Guide  for  Airframes 
and  Electronics",  Briefing  to  Directorate  of  Equipment  Engineer¬ 
ing,  Aeronautical  Systems  Division  (ASD/ENE),  Wright-Patterson 
Air  Force  Base,  Ohio,  11  September  1981,  269  pp. 
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7.  "Manufacturing  Cost/Design  Guide  (MC/DG)  for  Airframes  and 
Electronics",  Co-authored  by  Capt.  Richard  R.  Preston, 

Computer  Integrated  Manufacturing  Branch,  Materials  Laboratory 
(AFWAL/MLT) ,  Briefing  to  Aeronautical  Systems  Division/EN, 
Wright-Patterson  Air  Force  Base,  Dayton,  Ohio,  10  February 
1983,  81  pp. 
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APPENDIX  A 

OUTLINE  OF  COURSE  ON 

“ Design  and  Manufacturing-  to-Lowest  Cost ” 


1.  Evolution  of  Design/Hanufacturing  Interaction. 

2.  Cost-Driver  Analysis  Related  to: 

•  Product  Performance 

•  Design 

•  Material 

•  Manufacturing. 

3.  Design  Features  vs.  Manufacturing  Technology  Requirements. 

4.  Commonality  of  Cost-Drivers  Throughout: 

•  Industry 

•  Low  Performance  Products 

•  High  Performance  Products 

•  Component  Design 

•  Subsystem  Design 

•  Lightweight  Structures 

•  Electronic  Design. 

5.  Primary  &  Secondary  Structures;  Cost-Driver  Examples. 

6.  Cost-Savings  Leverage  in  Conceptual  and  Detail  Design  Phases. 

7.  Decisions  made  in  Design  Process  and  Their  Impact. 

8.  Approaches  to  Design-to-Cost. 
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9.  Identification  of  Cost-Drivers  for: 

•  Metallic  Structures  (Aluminum,  Steel,  etc.) 
and  Mechanical  Systems 

•  Composite  Structures/Products 

•  Emerging  Technologies  -  Examples: 

-  Net  Shapes  (Powder  Metallurgy,  Castings,  etc.) 

-  Adhesive  Bonding. 

10.  Guidance  to  use  of  Cost-Cutting  Technologies. 

11.  Need  for  Manufacturing  Cost/Design  (Performance)  Trade-Studies. 
The  ICAM  "Manufacturing  Cost/Design  Guide"  (MC/DG) ;  Designer- 
Oriented  Formats  to  Include  Following  Technologies: 

•  Sheet-Metal 

•  Extrusions 

•  Castings 

•  Forgings 

•  Composites 

•  Mechanically-Fastened  Assemblies 

•  Test,  Inspection  &  Evaluation  (TI&E)  for: 

-  Sheet-Metal 

-  Machining 

-  Composites 

-  Castings 

-  Forgings. 

12.  Examples  of  MC/DG  Utilization  for  Above  Technologies: 

•  Utilization  of  Cost-Driver  Effect  (CDE)  Formats 
Providing  Qualitative  Guidance 

•  Utilization  of  Cost-Estimating  Data  (CED)  Formats 
Providing  Man-Hour  Data 

•  Designer  Worksheets  to  Determine  Program  Cost 

•  Three-Ring  Binder  Version  of  MC/DG 

•  Computerized  MC/DG  Under  Development 

•  Examples  of  Hardware  Design  Showing  Utilization 
of  Formats. 
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13.  Detail  Trade-Studies  Conducted  on: 

•  Aluminum  Sheet-Metal  Structures 
e  Titanium  Sheet-Metal  Panels 
e  Composite  Panels,  Including  Co-Cured. 

14.  Trends  in  Design  and  Manufacturing-to-Lowest  Cost. 

15.  Future  Design-to-Cost  Data  Requirements: 

e  Metal  Removal 
e  Bonding 

e  Superplastic  Formed/Diffusion  Bonding 
e  Composites  (e.g.,  Sine-Wave  Webs) 
e  Powder  Metallurgy 


16.  Obstacles  to  Implementing  Cost-Saving  Emerging  Technologies. 


NOTE 


e  The  course  duration  is  2-1/2  days  consisting 
of  2  one-hour  lectures  each  morning  and  one 
1-1/2  hour  lecture  each  afternoon. 

•  Approximately  200  slides/vugraphs  will  be 
shown. 

e  30  copies  of  an  80-page  lecture  supplement 
will  be  provided. 
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APPENDIX  B 

MC/DG  UTILIZATION  IN  INDUSTRY 


B.l  Application!  Clfd 

Requests  for  the  "MC/DG  for  Airframes  and  Elactronica"  raquira 
a  deacription  of  tha  application!  for  which  it  ia  intandad.  The 
following  organization!  have  identified  tha  uaaa  liatad  be low t 


Organization 

Aerojet  Liquid  Rocket  Coapany  a 

Aircraft  Induatriea  Aaaociation  a 


AMEC,  Incorporated  a 

American  Can  Company  a 

American  Cyanamid  Company  a 

AMETA  a 


Analytic  Decision  Corporation  a 


Andrews  Air  Force  Base  a 


University  of  Arkansas  at  a 

Little  Rock 


Application  Cited 

Assist  in  planning  and  implementing 
U.S.  Army  and  U.S.  Navy  aerial  tar* 
gat  propulsion  programs. 

Provide  reference  for  projects  and 
information  for  association  member¬ 
ship  and  manufacturing  committee. 

Assist  in  airframe  modification 
program. 

Develop  wire  identification  methods 
for  harness  manufacture. 

Improve  design  and  prediction  of 
composite  costs  based  on  prepregs. 

Provide  inputs  for  course  prepara¬ 
tion,  especially  in  CAD/CAM  subjects. 

Develop  intimate  familiarity  with 
MC/DG  and  its  use,  to  better  serve 
clients. 

Provide  supporting  data,  concepts, 
and  guidelines  for  Implementing  Air 
Force  manufacturing  policy. 

Extend  the  use  of  MC/DG  data  to 
optimize  the  design  of  similar  pro¬ 
ducts,  such  as  structural  frames 
and  transportation  vehicles. 
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Organisation 


>llcatlon  Cited 


Astronautics  Corporation  of 
America 


Provide  better  cost  controls  and 
criteria  for  design  and  manufacture 
of  electronic  instruments. 


Aviation  Technical  Support 
Incorporated 


Guide  efforts  to  manufacture  a 
noise  reduction  module  for  the  B707 
aircraft. 


AVCO  Aerostructures  Division  a  Design  and  fabricate  advanced  com- 

posite/metallic  aircraft  structure. 

AVCO  Corporation  e  Enhance  accuracy  and  efficiency  in 

bidding  and  Integrating  CAM  and  CAD 
into  operations. 

Aydin  Controls  e  Integrate  departments  in  manufacture 

of  new  products;  obtain  better  under¬ 
standing  of  project  costs. 

Ball  Aerospace  Systems  e  Cost  systems  and  set  standards  for 

Division  the  production  of  aerospace  and 

military  antennae. 

Barry  Controls  e  Integrate  manufacturing  cost/design 

into  value  engineering  systems  for 
large  contracts. 

Bath  Iron  Works  e  Reduce  costs  associated  with  the 

design  and  construction  of  U.S. 

Navy  combatant  ships. 

Beech  Aircraft  Corporation  e  Coordinate  design  and  manufacturing 

methods  and  procedures. 

e  Support  design  of  missile  target 

systems. 

Bell  Aerospace  Textron  e  Provide  pricing  guidance  in  develop¬ 

ment  of  proposals  for  the  Air  Force. 

Bendix  Oceanics  e  Write  manufacturing  outlines,  esti¬ 

mate  standards  for  P&Ds,  estimate 
tooling  costs,  develop  cost  reduc¬ 
tions,  guide  inexperienced  engineers. 
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Organization 


>lication  Citad 


BDM  Corporation 


•  Support  systems  engineering/technical 
aaaiatanca  contracta  for  various  U.S. 
DoD  customers. 


Boeing  Aeroapace  Company  •  Aaaiat  in  deaign  of  an  automated 

electronica  factory  and  numerical 
simulation  of  electronics  factory. 

e  Identify  aignificant  cost  elements 
from  another  perspective  and  provide 
guidelines  and  comparisons  in  "make" 
electronics. 


Boeing  Commercial  Airplane 
Company 


e  Control  cost  on  new  airplane  programs. 

e  Provide  cost  data  base  on  mechanical 
and  electrical  hardware  for  life 
cycle  cost  tasks  on  MX  contracts. 

e  Play  key  role  in  integrating  CAD/CAM 
into  the  normal  manufacturing  process. 

e  Use  in  producibility  and  value  engi¬ 
neering  studies  on  new  aircraft  and 
major  improvements  to  existing 
aircraft . 

e  Compare  costs  of  alternate  structural 
configurations  for  747  derivatives. 


Boeing  Military  Airplane  e  Support  ICAM  projects;  REACH  TechMod; 

Company  BEAM  TechMod. 

e  Design  sheet  metal  for  ISMC. 

e  Provide  source  material  for  ECAM 

activities  and  internal  manufacturing 
improvements. 

e  Provide  framework  for  a  computerized 
manufacturing  cost  model  to  comple¬ 
ment  the  AFFDL  Modular  Life-Cycle 
Cost  Model. 


Boeing  Vertol  Company  •  Conduct  design  trade-off  studies  on 

composites. 
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Organization  Application  Cited 

Cablecraft,  Incorporated  •  In  use  with  other  design  guides, 

assist  in  the  design  and  manufacture 
of  push/pull  cable  assemblies  for 
the  military,  and  for  various  com¬ 
mercial  and  aviation  industries. 

CAECEM  Development  •  Provide  basis  for  structuring  plans 

to  develop  design  costing  programs 
as  part  of  new  integrated  CAE/CAM 
system. 


Carlisle  Engineering  Management  •  Estimate  manufacturing  operation 

costs  before  commitment  to  investment. 


Cessna  Aircraft  Company 


•  To  be  used  by  producibility  group 
and  advanced  planning. 


Cleveland  Pneumatic  Company  •  Used  in  development  of  TechMod  Pro¬ 
gram,  Tech  Area  3,  "Computer-Aided 
Value  Engineering'. 

Colt  Industries  •  Assist  in  automating  production  lines. 


Computer  Avionics 


CMC  Electronics 


•  Optimize  design  and  cost  variables  in 
development  of  custom  hybrid  micro¬ 
circuits. 

•  Assist  in  laying  out  a  new  avionics 
manufacturing  facility  --  presently 
in  the  planning  stage. 


Data  Con 


•  Assist  in  preparing  a  guide  for  use 
in  wire  wrapping  in  electronics. 


DATA  I/O  Corporation 


•  Aid  in  reducing  manufacturing  costs 
in  our  production  organization. 


Deere  and  Company  •  Provide  a  prototype  for  a  cost  design 

guide  within  this  industry. 

•  Use  the  concepts,  format,  and  perhaps 
the  data  itself,  to  determine  the 
feasibility  of  a  similar  approach 
tailored  to  company  needs. 
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Organization 


Application  Cited 


Deere  and  Company  •  Assist  in  design  of  electronic  systems 

for  tractors,  crawlers,  graders, 
scrapers,  etc. 


Defense  Contract  Audit  Agency 


•  Aid  in  developing  and  enhancing 
operational  audits. 


DoD,  Cameron  Station 


Conduct  affordability  analyses;  evalu- 
ate  new  start  systems. 


DoD,  Defense  Logistics  Agency  e  Assist  in  technical  evaluation  of  cost 

proposals  submitted  by  Government 
contractors  manufacturing  a  variety 
of  aircraft  and  electronic  parts. 

Diablo  Systems,  Incorporated  •  Assist  in  designing  office  equipment 

for  ease  of  manufacture. 


Digital  Equipment  e  Improve  manufacturing  engineering 

interface  with  design  engineering  in 
the  development  of  new  products  and 
processes. 


DM  Data,  Incorporated 


Provide  background  information  to 
draw  on  in  advising  clients. 


Douglas  Aircraft  Company 


•  Used  in  Industrial  Engineering  Dept, 
to  aid  in  manufacturing  methods  and 
cost  trade-off  studies  on  aircraft 
components. 

•  Assist  in  cost  trade-off  studies  and 
augment  cost  data  base. 

•  Assist  in  advanced  design  of  structures 
and  systems  for  commercial  and  mili¬ 
tary  transports  and  trainers. 

•  Improve  design  and  manufacturing  meth¬ 
ods  in  1CAM  sheet  metal  cell  and  high 
speed  machining  center. 

e  Aid  in  developing  manufacturing 
methods  and  conducting  cost  trade¬ 
off  studies  on  aircraft  components. 
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Organization 


>lication  Cited 


Douglas  Aircraft  Company 


Guide  engineering  production  design, 
especially  for  best  use  and  perfor¬ 
mance  of  flexible  ICAM  manufacturing 
cells  for  fabrication  and  assembly. 


E.  I.  DuPont  de  Nemours 
Company 


•  Conduct  intracompany  cost/performance 
analyses  of  composite  structures. 


Eaton  Corporation 


•  Improve  feedback  cost/reliability 
data  to  the  design  process  through 
CAD  system. 


Eder  Industries 


•  Reduce  design  costs  and  improve  accu¬ 
racy  of  cost  estimates. 


Electronic  System  Division 
HAFB ,  Mass. 


•  Evaluate  technical  cost  of  electronic 
hardware  producers  for  C^I  systems. 


EMCEE  Broadcast  Products 


•  Reduce  manufacturing  costs  through 
improved  product  design,  assist  in 
engineering  design  for  reliability 
in  variable  environments. 


Emerson  Electric  Company 


Assist  in  design  and  manufacture  of 
power  system  equipment,  power  supplies, 
radar  modulations,  radar  equipment, 
and  test  equipment. 


Emhart  Machinery 


Assist  in  setting-up  automated  mach¬ 
ining  and  subassembly  center. 


Fairchild  Republic  Company 


Fairfield  Industries 
Incorporated 


e  Establish  a  tooling  estimating  pro¬ 
cedure  and  parts  estimating  procedure 
to  determine  manufacturing  costs. 

•  Conduct  cost  estimates/comparisons 

of  manufacturing  processes,  especially 
in  the  CAD/CAM  environment. 

•  Improve  current  cost  estimating 
techniques,  thereby  reducing  esti¬ 
mating  expenses,  and  improving  pro¬ 
ductivity  and  profits. 

•  Assist  in  design  and  manufacture  of 
avionics  equipment  for  military  air¬ 
craft. 
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Organization  Application  Cited 

Gandalf  Data  Corporation  •  Better  control  costs. 

GCA  Corporation  -  Industrial  •  Comparing  fabrication/assembly  costs. 

Systems  Group  Basis  for  preparing  process  planning 

decision  trees. 

General  Dynamics  Corporation  e  Provide  a  baseline  and  guidance 

procedures  for  a  CAD/CAM  interface 
and  communication  medium. 

e  Improve  producibility  of  government's 
cruise  missile  program. 

e  Prepare  Life-Cycle  Cost  analyses  for 
current  and  proposed  weapon  systems. 

•  Support  cost  effective  CAD/CAM  pro¬ 
cess  development  to  assure  produc¬ 
tivity  increases. 

•  Improve  communications  and  data  trans¬ 
fer  between  manufacturing  and  engi¬ 
neering/design;  assist  in  CAD/CAM  and 
HIS  planning  and  integration. 

•  Develop  industry  trend  comparisons 
of  methods  and  processes;  develop 
potential  cost  saving  approaches  to 
manufacturing  methods. 

•  Data  on  composite  materials  will  be 
transmitted  to  Nuclear  Submarine 
Structural  Application  in  support 

of  Contract  N00076-C-2025 ,  Proj.  Ser. 
SSLAl  Task  19946. 

•  Developing  cost  guidance  methods  and 
parametric  cost-estimating  relation¬ 
ships  for  submarine  design. 


General  Electric  Company  e  Education  internally  and  possible 

use  when  working  with  Aircraft  Engine 
Business  Group  on  Automation  Projects. 

•  Support  design-to-cost  efforts  on 
MK-21  fuze. 

e  Reduce  costs  and  increase  quality  of 
medical  diagnostic  ultrasound  equip¬ 
ment. 

e  Assist  in  decisions  on  process  alter¬ 
natives  based  on  cost  for  process 
routing,  assembly  techniques. 
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Organization 


General  Electric  Company 


Application  Cited 

Evaluate  coats  of  industrial  and 
military  aerospace  printed  wiring 
assemblies. 

To  study  the  methodology  to  deter¬ 
mine  the  feasibility  of  using  the 
costing  approach  to  estimate 
electronics  manufacturing 

Integration  with  Air  Force  1105 
projects. 

Assist  in  program  management  of  several 
electronic  control  programs,  including 
controls  for  a  number  of  USAF  and 
Navy  programs. 

Develop  own  techniques  for  engine 
cost  estimating. 


General  Motors  Corporation 
Detroit  Diesel  Allison 


Guide  manufacturing  cost  decisions 
during  initial  design  of  gas  turbine 
engines/components . 


General  Research  Corporation 


Assist  in  understanding  cost  impli¬ 
cations  of  new  manufacturing  processes. 

Estimate  Class  II  and  Class  V  modi¬ 
fications  on  tactical  aircraft  for 
weapon  integration. 


Genisco  Computer  Graphics 


Computer  graphic  display  products;  to 
be  used  in  the  Manufacturing  Engineering 
Department;  the  Design  Engineering 
Department;  for  use  with  Product  Planning 
Board. 


Goodyear  Aerospace  Corporation 


Help  integrate  CAD/CAM  in  operation- 
automated  processing. 

Assist  in  design  and  manufacture  of 
aircraft  structures,  radomes,  re¬ 
flectors,  waveguides,  electronic 
packaging,  and  portable  shelter  struc- 
tures. 


Gould,  Incorporated 


Keep  abreast  of  the  Air  Force's  pre¬ 
ferred  methods  and  adapt  them  to 
company  operations. 
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Organization 


Application  Cited 


Gould,  Incorporated 


e  Assist  in  contract,  subcontract,  and 
manufacturing  administration. 


Grumman  Aerospace 
Corporation 


e  Review  producibility  of  new  designs; 
analyze  make/buy  decisions;  analyze 
subcontractor  costs. 


GTE  Sylvan! a 


e  Analyze  producibility  of  new  designs 
and  design  to  attain  cost  improvements. 


Gulfstream  American  Corporation  e  Conduct  preliminary  design  cost  esti¬ 
mates  of  proposed  new  aircraft,  such 
as  Gulfstream  trainer. 

•  Estimate  preliminary  design  cost 
estimates  for  proposals  on  aircraft 
such  as  the  "Peregrine"  trainer. 


Hanscom  Air  Force  Base 


Harris  Corporation 


Hercules,  Incorporated 


Hill  Air  Force  Base 


•  Evaluate  manufacturing  cost  and  de¬ 
sign  criteria  in  design  of  C^  systems. 

•  Input  for  design  to  production  (DTP) 
program. 

•  Assist  in  preparing  subcontract  bids 
to  major  aerospace  manufacturers  for 
airframes. 


e  Develop  standard  data  and  cost  esti¬ 
mates  for  DoD  contracts. 

e  Conduct  design/analysis  studies  and 
design-to-cost  life-cycle  cost,  analysis 
for  solid  rocket  motors  and  composite 
structures. 

•  Aid  in  implementing  "Design-to-Cost" 
approaches  in  ongoing  and  anticipated 
rocket  motor  development  programs. 

•  Assist  in  administration  of  design 

,  review  of  weapon  systems  and  the  de¬ 
sign  handbook  program. 
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e  Use  the  MC/DG  as  a  guide  for  estimating 
manufacturing  costs  and  determining 
design/cost  trade-offs  for  composite 
structures. 
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Honeywell,  Incorporated  e  Increase  production  engineer  involve¬ 

ment  in  entry  design  formulation  for 
cost  reduction,  with  increased  produc- 
ibility. 

HR  Textron  e  Assist  in  conceptual  design  activities, 

especially  related  to  spacecraft. 


IBM  Corporation 


e  Teach  manufacturability  impacts  to 
mechanical  designers. 


ITT  Defense  Communications  e  Analyze  design  to  unit  production 

costs;  provide  guidelines  for  program 
estimating;  conduct  next-generation 
design  cost  reduction  studies. 

King  Radio  e  Use  in  costing  for  government  con¬ 

tracts;  general  guide  for  manufacturing 
engineering. 


Kirkland  Air  Force  Base  e  Conduct  cost  studies;  TechMod  studies; 

producibility  studies;  and  evaluate 
pricing  proposals. 


Lawrence  Livermore  National  e 

Laboratory 

Lear  Fan,  Limited  e 

Lockheed  Aircraft  Service  e 

Company 

Lockheed-Californla  Company  e 

e 

Lockheed  Electronics  Company  e 


Provide  a  teaching  tool  to  improve 
estimating  skills. 

Estimate  costs  of  new  composite  air¬ 
craft  projects 

Analyze  both  subcontract  costs  and 
internal  costa. 

Improve  design  and  fabrication  of 
advanced  composite  structures  for 
production. 

Conduct  material  and  manufacturing 
trade-off  studies  on  ATF  advanced 
design,  NASA  composite  wing,  and 
advanced  anti-submarine  patrol  de¬ 
signs. 

Estimate  subcontractor  costs  for 
componentry  and  system. 
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Lockheed  Electronics  Company  e  Assist  in  upgrading  manufacturing 

capabilities  and  keeping  I CAM  Com¬ 
mittee  up-to-date  on  latest  develop¬ 
ments  in  the  field. 


Lockheed-Georgia  Company 


•  During  ISMC  project  review,  locate 
any  potential  applications  that  may 
be  useful  to  Computer-Aided  Manufac¬ 
turing  Systems. 

a  Assist  in  R&D  work  on  composites  and 
composite  cost  reductions;  reduce 
metal  AIC  costs. 

a  Guide  in  preparing  a  handbook  on  de¬ 
sign  alternatives  for  achieving 
design-to-cost  targets. 

•  Improve  existing  computerized  estimating 
technique. 


Lockheed  Missiles  &  Space 
Company 


Loral  Electronic  Systems 


Management  Enterprises 
Incorporated 


Martin-Marietta  Corporation 


•  Conduct  preliminary  design  trade¬ 
offs  for  D5  (Trident  II)  fleet  bal¬ 
listic  missile. 

e  Apply  to  all  new  design  decisions,  which 
are  dependent  on  lower  repetitive  pro¬ 
duction  cocts. 

e  Investigate  alternative  strategies 
during  the  design  phase  of  a  program 
to  integrate  our  design  and  manufac¬ 
turing  processes,  via  a  CAD/CAM  system. 

e  Provide  reference  material  and  data 
source  for  decision  making  involving 
military  avionics. 

e  Use  for  awareness  and  understanding 
of  various  cost  relationships  in 
aircraft  manufacturing. 

e  Assist  in  productivity  analysis; 
conceptual  designs;  manufacturing 
engineering  pre-planning. 

e  Automate  producibility  and  cost- 
effectiveness  analysis  in  computer- 
aided  engineering  department. 
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Martin-Marietta  Corporation 
Denver  Division 


e  Prepare  independent  coat  estimates 
for  our  Design-to-Cost/Life-Cycle 
estimates. 

e  Evaluation  for  potential  cost  esti¬ 
mating  and  coat  control  for  uae  on 
various  contracts. 

e  Estimate  costs  of  composite  fabri¬ 
cation  and  introduce  cost  reductions. 


Martin-Marietta  Corporation 
Michoud  Division 


e  Redesign  of  space  shuttle  external 
tank;  new  design  of  shuttle  derived 
vehicles^  space  station)  orbital 
transfer  vehicle)  etc. 


Massachusetts  Institute  of  e 

Technology 


Help  generate  report  to  Office  of 
Technology  Assessment  on  potential 
for  composites  and  ceramics  used 
as  substitutes  for  critical  materials 
(cobalt,  platinum,  manganese,  and 
chromium) . 


Maul  Technology  Corporation  e  Provide  a  guide  for  planning  an  up¬ 
graded  computer- integrated  manu¬ 
facturing  system  within  a  $20  million 
capitalization  program. 


McDonnell  Douglas  Aircraft 
Company 


e  Guide  the  modeling  of  operations  -- 
target  and  cost  data. 

e  Improved  advanced  design  cost  models. 

e  Use  as  model  for  in-house  manual  to 
direct  design  engineers  toward  cost 
effective  designs. 

•  Conduct  "should  cost"  evaluations  and 
estimate  advanced  design  cost  estimates. 

•  Assist  in  manufacturing  methods  cost 
studies,  manufacturing  equipment 
procurement  decisions,  tooling  studies, 
and  establishment  of  manufacturing 
criteria. 

•  Design  planning  and  reference  docu¬ 
ments)  conduct  value  engineering  pro¬ 
gram)  assist  in  DTUPC  programs. 
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McDonnell  Douglas  Aircraft 
Coop any 


e  Compare  both  manufacturing  and 
quality  assurance  methods;  analyze 
automated  vs.  manual  processing. 


McDonnell  Douglas  Astronautics  e  Producibility  engineering  —  SMAW; 
Company  "Dragon";  cruise  missile  programs. 


MDS  -  Qautel  Corporation 


•  Assist  in  implementing  the  concept 
of  flexible  manufacturing  systems 
in  computer  business. 


Memorex  Communications 
Corporation 


e  Restructure  material/manufacturing 
flow;  segregate  materials  flow  into 
minute  elements. 


Midland  Ross  Corporation 


•  Use  as  design  and  cost  estimating 
tool  on  annunciator  units,  exterior 
lights,  crew  station  lights,  in¬ 
terior  lights,  and  landing  lights. 


Miniscribe  Corporation 


e  Assist  in  electromechanical  value 
engineering  and  establish  labor 
standard  guidelines. 


Motorola,  Incorporated 


Review  current  concepts  of  manu¬ 
facturing  planning. 

Optimize  manufacturing  philosophy 
and  its  implementation. 


NASA  Lewis  Research  Center 


a  Help  guide  design  and  development 
of  composite  propulsion  components. 


NASA  -  George  C.  Marshall 
Center 


e  Assist  in  preliminary  design  and 
detail  design  trade-offs  of  struc 
tures  for  shuttle  payloads  and 
experiments . 


National  Waterlift  Company 


e  Assist  in  design  and  manufacture  of 
fly-by-wire  electronic  control 
systems. 


Naval  Air  Development  Center 


e  Estimate  costs  of  Naval  aircraft 
and  aerial  target  drones. 
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Naval  Air  Development  Center 


e  Provide  deaign  information  for  air- 
craft  modifications  and  instru¬ 
mentation  systems. 


Naval  Materiel  Command 


e  Develop  design  process  sequences 
on  Navy  programs. 


Naval  Underwater  Systems 
Center 


e  Control  costs  of  underwater  weapon 
systems  acquisition. 


Newport  News  Shipbuilding 


e  Investigate  use  in  the  shipbuilding 
business. 


University  of  New  York 


e  Assist  in  continuing  work  with 
National  Academy  of  Science  com¬ 
mittees  and  panels. 


Northrop  Corporation 


e  Aid  in  selecting  R&D  projects  to 
improve  low  cost  production  capa¬ 
bility  and  in  selecting  lowest  cost 
processes  for  modernization;  as  guide 
to  development  of  Factory-of-the- 
Future. 

e  Use  as  integration  tool  in  ICAM 
projects. 

e  Improve  engineering/manufacturing 
producibility  and  cost  avoidance  on 
F/A-18A  programs. 


OECO  Corporation 


e  Estimating  costs  for  electronic 
equipment  (MIL  use)  and  internal 
manufacturing  cost  comparisons. 


OMNIA 


Assist  clients  in  making  cost  esti¬ 
mates  on  commercial  and  industrial 
composite  parts. 


Peat,  Marwick,  Mitchell  and 
Company 


Assist  in  advising  clients  on 
feasibility  of  computer- integrated 
manufacturing. 


Pennsylvania  State  University 


e  Provide  educational  aids  for  classes 
and  research  resource  in  subject 
areas. 
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Perkin  Elmer  Croporation  e 

Pillar  Corporation  e 

Piper  Aircraft  Corporation  • 

Pitney  Bowes  e 

Pratt  &  Whitney  Aircraft  • 

Group 

PRC  Systems  Services  Company  e 

Procter  &  Gamble  Company  • 

Ramsey  Controls  e 

Raytheon  Data  Systems  • 

Company 

e 


Application  Cited 

Assist  in  developing  a  portable  wear 
analyzer  for  an  atmospheric  monitor 
for  the  Navy  and  a  cardiopulmonary 
measurement  system  for  NASA. 

Improve  manufacturing  costs  in  pro¬ 
duction  of  induction  heating 
equipment. 

Assist  in  planning  and  designing 
production  version  of  the  Enforcer 
project. 

Analyze  costs  for  equipment  and 
processes  for  automatic  assembly 
of  printed  wiring  boards. 

Establish  similar  guidelines  for 
engines. 

Inclusion  in  a  NASA  Data  Base  System 
covering  research  on  materials,  lead 
times,  etc. 

Provide  background  for  corporate 
team  tasked  with  developing  methods 
for  master  planning  of  advanced 
integrated  manufacturing  systems. 

Aid  in  designing  electronic  com¬ 
ponents  and  sine  assemblies  for  use 
in  industrial  motor  control  centers. 

Reduce  costs,  simplify  manufacturing 
operations,  exemplify  least  cost 
design,  and  improve  efficiency  and 
and  competitive  posture. 

Integrate  into  the  division's  manu¬ 
facturing  function. 

Provide  a  baseline  for  CAD/CAM  imple¬ 
mentation,  construction  cost  trade¬ 
offs,  and  development  of  component 
ranking. 
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Reliance  Electric 


•  Integrate  cost  eatlmation  procedures 
into  R&D  activities. 


Rockwell  International  e  Support  development  of  new  aircraft 

Corporation  detigns  auch  as  VMX  and  ATP. 

e  Determine  feasibility  of  economi¬ 
cally  converting  machined  parts  to 
castings  and  forgings. 

e  Provide  an  aid  for  planning/ imple¬ 
menting  the  fabrication  of  Global 
Positioning  Satellites,  which  con¬ 
tain  composite  materials. 

e  Supplement  life-cycle  cost  analysis 
programs. 

e  Provide  guidance  in  research  efforts 
on  automation. 

e  Conduct  producibility  improvements 
on  B-1B  hardware. 

e  Support  development  of  lightweight 
spacecraft  structures. 

e  Assist  in  preliminary  design  of 
shuttle  upper-stage  vehicle  con¬ 
figurations  and  subsystems. 

e  Project  new  WGA004  system  costs 
and  support  trade-off  studies. 

e  Expedite  and  improve  structural 
trade-off  studies;  train  recent 
college  graduates. 

Rohr  Industries,  Incorporated  e  Determine  cost-drivers,  conduct 

cost  estimates,  and  compare  costs 
of  manufacturing  processes. 

SAB  Harmon  Industries  •  Enhance  the  cost  and  performance 

effectiveness  of  our  design/develop¬ 
ment  efforts. 


St.  Louis  University  e  Support  instruction  in  aerospace 

programs. 

Schaevitz  Engineering  e  Assist  in  bidding  and  cost  analysis 

for  aerospace  contracts  with  govern¬ 
ment  contractors. 
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Scheldahl 


Conduct  cost  trade-offs  on  design  of 

flexible  printed  wiring  assemblies 

for  commercial  and  military  applications. 


Schindler  Haughton  Elevator 
Corporation 


Cost  avoidance  in  the  design  of  our 
product  --  electronic  controls  for 
elevators . 


A.  H.  Schlueter,  Incorporated  e  Guide  consulting  efforts  dealing 

with  DTC,  LCC,  and  systems  manage¬ 
ment  activities. 

Science  Applications!  Inc.  e  Assist  in  modernization  study  of 

small  arms  plant  under  DoD  contract. 

Shaban  Manufacturing  e  Improve  the  design  of  industrial 

instruments  and  reduce  costs. 


The  Singer  Company  e  Provide  reference  for  analyses  of 

new  inertial  guidance  product  designs 
for  produclbility. 

Sperry  Defense  •  Design  changes;  produclbility  studies; 

cost  estimating;  cost/benefit  trade¬ 
off  studies. 


SRI  International  •  Provide  guidelines  in  industry  pro¬ 

file  and  market  evaluations,  acqui¬ 
sition/diversification  reviews,  and 
technology  development-manufacturing. 

Structural  Dynamics  Research  •  Familiarize  organization  with  the 
Corporation  character  of  interaction  between 

design  and  manufacturing  functions. 

Systems  Research  Laboratories,  •  Provide  guidance  in  combining  several 
Incorporated  small  shops  to  establish  a  manufac¬ 

turing  facility  that  follows  ICAM 
methodology. 

Technology  Service  Corporation  •  Provide  a  cost-estimating  reference 

and/or  cross  check  for  the  design 
and  development  of  advanced  radar 
systems  and  simulators  for  DoD  programs. 
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Teledyne  Brown  Engineering  • 


Application  Cited 

Review  all  ongoing  projects  for  cost 
improvement . 

Improve  computer  design  and  produci- 
bility,  as  well  as  reduce  costs. 

Enhance  and/or  modify  current  cost 
estimation  procedures  for  electronic 
products . 


Thiokol  Corporation  •  Evaluate  low  cost  techniques  for 

propulsion  systems  and  gas  generator 
applications . 


Tracor,  Incorporated 


TRW,  Incorporated 


TRW  Harrisburg  Airfoils 


U . S .  Army 


•  Aid  in  design  and  fabrication  of 
penetration  aids  deployment  system 
for  Peacekeeper  and  similar  missile 
systems  and  of  countermeasure  dis¬ 
penser  systems. 

•  Stimulate  increased  use  of  computer- 
integrated  manufacturing  disciplines. 

•  Provide  reference  documents  for 
efforts  to  install  computer  designed 
forging  dies  and  manufacturing  pro¬ 
cess  tooling;  reduce  production  costs. 

•  Technology  transfer,  identify  areas 
where  manufacturing  technology  work 
is  required. 


U.S.  Army  Armament  Research  •  Provide  a  cost/design  reference  for 
and  Development  use  with  aircraft  and  related  weapon 

system  and  fire  control  component  use. 

U.S.  Army  Aviation  R&D  Command  •  Assist  in  estimating  and  evaluating 

cost  estimates  for  composite  com¬ 
ponents  for  Army  aviation  weapon 
systems  and  subsystems. 

U.S,  Department  of  •  Conduct  research  in  manufacturing 

Transportation  processes. 

U.S.  MICOM,  Redstone  Arsenal  •  Evaluate  MMET  project  and  provide 

project  management  support  through 
production  engineer-analysis. 
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United  Technologies 
Corporation 


Vertex  Peripheral 


Vought  Corporation 


Westinghouse  Electric 
Corporation 


Application  Cited 

•  Assist  in  meeting  design-to-cost 
objectives  and  improving  producibility . 

•  Promote  producibility  activity;  foster 
engineering  design  and  manufacturing 
engineering  cooperation. 

•  Provide  reference  in  the  design  and 
manufacture  of  diesel  fuel  injection 
systems . 

•  Guide  modernization  of  cost  estimating 
program  and  evaluate  future  equipment 
requirements. 

•  Obtain  more  efficient  and  cost- 
conscious  designs  for  disk  drives. 

•  Develop  cost  forecasting  tools  for 
use  in  proposals  to  various  govern¬ 
ment  agencies. 

•  Establish  conceptual  framework  for 
the  Factory-of-the-Future. 

•  Guide  for  continued  emphasis  on  cost 
reduction. 

•  Assess  state-of-art  in  this  area  and 
compare  to  current  company  estimating 
techniques. 

•  Conduct  early  trade-off  studies,  pre¬ 
liminary  design,  and  production  de¬ 
sign  of  aerospace  and  military 
products . 

•  Improve  new  products  selection  and 
planning;  institute  total  cost  control. 

•  Forecast,  monitor,  and  control  costs 
of  vendor  and  in-house  parts  and 
components  on  new  apparatus;  reduce 
costs  on  existing  designs. 


Whittaker  Corporation 


Implement  design/cost  goals  on  many 
programs . 
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Williams  International  •  Incorporate  into  technology  modern¬ 

ization  planning  for  production  of 
cruise  missile  engine. 


Worldway  Postal  Center  e  Evaluate  various  proposals,  develop 

estimates  on  projects;  assess 
opportunities  for  cost  reduction  in 
areas. 
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News  Release 

United  States  Air  Force 

AERONAUTICAL  SYSTEMS  DIVISION,  OFFICE  OF  PUBLIC  AFFAIRS  (ASD/PA) 
WRIGHT-PATTERSON  AFB,  OH  45433  (513)  255-2725/2726 

ASD/PAM  82-165 

DESIGNER'S  GUIDE  WITH 
A  NEW  APPROACH 

WRIGHT-PATTERSON  AFB,  Ohio,  June  30,  1982  - —  A  "Manufacturing 
Cost/Design  Guido"  (MC/DG)  is  being  established  by  the  Materials 
Laboratory  so  that  airframe  and  electronic  designers  have  available — 
within  one  reference  source— cost  estimating  data  on  aerospace  parts 
manufacturing,  assembly  and  test,  inspection  and  evaluation. 

Providing  such  a  guide  to  designers.  Air  Force  engineers  say, 
ensures  the  lowest  cost  product  for  new  weapon  systems.  The  MC/DG 
enables  more  extensive  manufacturing  trade-offs  on  airframe  components 

I 

and  aerospace  electronic  fabrication  and  assembly  than  previously 

| 

possible . 

j 

The  laboratory's  Manufacturing  Technology  Division,  Computer  : 

! 

Integrated  Manufacturing  Branch,  began  development  of  the  new  guides 

i 

in  1975  with  Battelle's  Columbus  Laboratories,  Columbus,  Ohio.  The 

{ 

sections  completed  to  date  are:  sheet  metal  discrete  parts;  composites;! 

I 

mechanically  fastened  assemblies;  castings;  forgings;  extrusions;  test,  | 

| 

inspection  and  evaluation;  and  electronics  fabrication  and  assembly. 

Air  Force  project  engineer  Capt.  Richard  R.  Preston  says  that 
since  the  laboratory  "constantly  receives  reports  of  implementation 
and  resulting  improvements  from  users  of  the  guide,  we  feel  the  time 
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and  funds  spent  during  the  last  seven  years  have  been  very  cost- 
effective  . 

"Based  on  this  good  acceptance,"  he  continued,  "we  are  planning 
additional  sections  of  the  MC/DG  for  machining,  adhesive  bonding,  and 
superplastic  forming/diffusion  bonding,  and  we  want  to  expand  the 
section  on  composite  materials." 

The  guide  can  be  used  by  the  design,  manufacturing  and  pro¬ 
curement  departments.  It  improves  communication  and  interaction 
between  manufacturing  engineers  and  designers  throughout  the  airframe 
and  avionic  design  processes. 

The  guide  is  particularly  useful  at  the  preliminary  design  phase 
where  the  leverage  exists  to  achieve  maximum  cost  savings  and  afford¬ 
able  performance:  i.e.,  funds  expended  are  low,  yet  the  decisions 
made  have  significant  impact  throughout  the  manufacturing,  operations 
and  maintenance  of  an  aircraft. 

Cost  information  in  the  guides  is  provided  on  formats  that  are 
developed  to;  emphasize  cost-drivers,  be  simple  to  use,  use  designer 
language,  instill  designer  confidence,  and  be  accessible  and  maintain¬ 
able. 

In  addition  to  technical  reports  prepared  on  the  MC/DG,  the 
guides  will  be  available  soon  as  three-ring  binder  desk  versions  and 
as  a  pocket-size  edition  that  uses  color  coding  to  indicate  cost 
hazards  in  design. 

The  MC/DGs  also  are  time  savers,  Captain  Preston  said,  as  re¬ 
vealed  in  a  recent  study  by  Rockwell  International  (North  American 
Aircraft  Operations)  of  Los  Angeles,  California,  on  a  composite  material, 
stiffened  panel-type  structure.  While  more  than  30  calculations  were 
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required  using  conventional  cost-estimating  methods  for  the  panel, 
only  two  calculations  were  necessary  using  the  MC/DGs.  Similar  studies 
conducted  by  General  Dynamics  Corp.,  Port  Worth,  Texas,  on  F-16 

i 

aluminum  stiffened  panels  resulted  in  the  same  time  savings. 

.  Captain  Preston  also  said  that  engineers  in  Rockwell  International'! 
North  American  Aircraft  Operations  used  the  MC/DG  to  conduct  a  trade 
study  during  replacement  of  an  aluminum  isogrid  shell  structure  door 
designed  as  a  baseline  for  the  MX  Missile  Stage  4  shell  structure. 

The  engineer,  using  the  MC/DG  cost-driver  effect  and  cost¬ 
estimating  data  formats*  performed  the  cost  trade  analysis  on  ten 
different  advanced  composite  designs.  It  is  estimated  that  the  trade 
study  was  conducted  in  eight  hours  using  the  MC/DG;  with  the  normal 
method  of  working  with  manufacturing  engineering  and  cost-estimators, 
the  task  would  have  required  approximately  40  hours  of  labor  and  a 
calendar  span  of  one  week. 

Designers  of  avionic/electronic  systems  also  have  indicated 
benefits  of  the  MC/DG  and  its  role  in  a  computer  aided  manufacturing 
environment.  Those  benefits  include:  influencing  design  decisions 
early  in  the  design  phase,  emphasizing  low  cost  processes  within  a 

i 

broad  range  of  available  data  providing  qualitative/quantitative 
manufacturing  cost  data,  imparting  senior  design  experience  on  new 
engineers,  and  providing  direct  feedback  of  manufacturing  cost 
implications  of  design  choices. 

The  following  aerospace  companies  support  Battelle's  Columbus 
Laboratories  as  prime  contractor  for  the  MC/DG: 

Collins  Avionics  &  Missiles  Group,  Rockwell  International 

Corporation,  Cedar  Rapids,  Zowa 

Gr unman  Aerospace  Corporation,  Bethpage,  New  York 
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Honeywell/  Inc.,  Minneapolis/  Minn. 

Lockheed-California  Company,  Burbank,  Calif. 

Northrop  Corporation,  Hawthorn*,  Calif. 

Rockwell  International  Corporation,  North  American 
Aircraft  Operations,  Los  Angeles,  Calif. 

U.  S.  companies  and  government  agencies  can  access  the  MC/DG 
from  Capt.  Preston  or  Battelle's  Columbus  Laboratories.  The  addresses 


are: 


Capt.  Richard  r.  Preston 

AFWAL/MLTC 

W-PAFB,  Ohio  45433 


Mr.  Bryan  R.  Noton 
Battelle's  Columbus  Laboratories 
505  Xing  Avenue 
Columbus,  Ohio  43201 


Defense  Technical  Information  Center,  Cameron  Station,  Alexandria, 
VA.,  22314  will  also  carry  the  MC/DG  at  the  normal  government  cost. 

♦IAFWAL## 

CONTACT:  Helen  Kavanaugh/255-2725 
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For  Immediate  Release 

A  design  guide  developed  at  Battel le’s  Columbus  Laboratories  for 
determining  manufacturing  costs  of  airframes  and  electronic  equipment  has  been 
named  one  of  the  "Top  10"  manufacturing  technology  economic  success  stories  by 
the  U.S.  Department  of  Defense. 

The  "Manufacturing  Cost/Design  Guide"  was  developed  during  the  past 
seven  years  by  Battel le  as  prime  contractor  for  the  Air  Force  Wright 
Aeronautical  Laboratories'  Computer  Integrated  Manufacturing  Branch,  Material 
Laboratory.  Battel le  was  supported  by  seven  major  aerospace  companies. 

The  "Top  10"  list  consists  of  projects  that  have  significantly  reduced  j 
the  costs  of  military  systems. 

ms  a  result  of  the  guide,  more  than  600  applications  for  quickly  and 
Inexpensively  determining  costs  for  manufacturing  methods,  parts,  assemblies, 
and  inspection  techniques  have  been  Identified  by  military  and  aircraft 

1 

manufact  ,rs. 

Estimates  show  the  guide  can  potentially  save  the  government  $30 
million  In  procuring  forgings,  extrusions,  and  castings  and  is  being  used  for 
this  purpose  on  the  B-18  bomber.  It  is  projected  the  guide  will  save  $63  million 
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or  15  additional  airframes)  for  procuring  airframes  for  300  supersonic  aircraft. 

Similar  savings  are  expected  in  future  electronic  and  other  procurements. 

The  guide  Includes  manufacturing  cost-  comparative  Information,  which 

< 

designers  can  use  to  quickly  determine  cost-drivers  and  estimate  total  cost  of 
hardware.  This  puts  the  designers  on  the  lowest  cost  track  early  In  the  design 
process  and  provides  them  with  direct  feedback  on  manufacturing  costs. 

Guide  sections  now  In  use  Include  sheet-metal  discrete  parts; 

composites,  mechanically  fastened  assemblies;  castings,  forgings,  and  extrusions;  j 

] 

test,  inspection,  and  evaluation  methods;  and  electronics  fabrication  and 
assembly.  j 

Additionally,  sections  are  being  planned  for  machining,  adhesive  bonding, 

I 

superplastic  forming-diffusion  bonding;  and  composites. 

Captain  Richard  R.  Preston  serves  as  the  Air  Force  project  engineer  for 

i 

I 

the  guide.  Bryan  R.  Noton  serves  as  the  Battelle  program  manager.  j 

Comp  v.s  that  helped  Battelle  develop  the  guide  Include:  Collins  j 

Avionics  &  Missiles  Group,  Rockwell  International  Corporation,  Cedar  Rapids,  j 

Iowa;  General  Dynamics  Corporation,  Fort  Worth  Division,  Fort  Worth,  Texas;  I 

! 

Grumman  Aerospace  Corporation,  Bethpage,  New  York;  Honeywell,  Inc.,  Minneapolis, 

i 

Minnesota;  Lockheed-Californla  Company,  Burbank,  California;  Northrop  Corporation, 
Hawthorne,  California;  and  Rockwell  International  Corporation,  North  American  j 

I 

Aircraft  Operations,  Los  Angeles.  '  j 

j 

Battell e-Columbus  Is  the  original  contract  research  and  development 
center  of  Battelle  Memorial  Institute,  headquartered  in  Columbus,  Ohio.  The 

! 

world's  largest  independent  research  Institute,  Battelle  also  has  major  labora- 
tories  in  Richland,  Washington;  Frankfurt,  Germany,  and  Geneva,  Switzerland.  j 
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Mora  than  $200  million  la  projected  to  ba  eavad  during  tha  next  two  fears  by  Depart¬ 
ment  of  Defenea  contractors  using  tha  Manufacturing  Coac/Deeflga  OefcJe,  according  to 


the  U.S.  Air  Force. 

i 

The  guide  allows  companies  to  analyze  manufacturing  coats  and  select  the  most ; 
cost-effective  alternative  designs  of  airframe  and  electronic  parts  and  systems. 

Already  employed  in  more  than  800  applications,  the  guide  was)  developed  by  Battelle  j 

1 

Memorial  Institute's  Columbus  Division  and  a  coalition  of  major  airframe  and  avionics 
companies  for  the  Air  Force  Wright  Aeronautical  Laboratories'  Computer  Integrated 


Manufacturing  Branch,  Materials  Laboratory.  j 

*i 

In  Its  Overview  of  the  Integrated  Computer-Aided  Manufacturing  Program,  the 
Air  Force  estimates  that  $200  million  will  be  saved  on  Department  of  Defense  acquisitions 
of  aircraft  and  missile  systems. 

As  an  example,  the  Air  Force  says  that  Rockwell  International  has  estimated  a 
1983  savings  on  the  B-1B  aircraft  In  excess  of  $300,000  using  data  on  castings  and  forgings  j 
from  the  guide. 

According  to  Battelle  program  manager  Bryan  R.  Noton,  the  guide  Includes  cost 
comparisons  of  manufacturing  methods,  materials,  parts,  assemblies,  and  Inspection  tech- 

i 

niques.  Industry-wide  information  is  presented  in  easy-to-use  formats  for  designers.  j 

"With  this  information,  designers  can  quickly  determine  cost-drivers,  conduct  cost 
estimates,  and  compare  manufacturing  processes  by  going  to  a  single  reference,"  Noton 

I 

says.  "This  puts  designers  on  the  lowest  cost  track  early  in  the  design  process  and  provides 
them  with  direct  feedback  on  manufacturing  costs." 

Copy  available  io  DTIC  does  not 
C-7  peiznit  fully  legible  reproduction 
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The  guide  it  particularly  useful  for  Inexperienced  designers  who  have  not  been 
trained  in  cost  reduction.  Also,  it  can  benefit  those  involved  with  computer-aided  manufac¬ 
turing  and  procurement  departments. 

Cost  information  is  provided  on  sheet  metal  discrete  parts)  composites;  mechanically 
fastened  assemblies;  extrusions,  forgings,  and  castings;  test,  inspection,  and  evaluation; 
and  electronics  fabrication  and  assembly. 

Noton  says  a  section  on  machining  of  aerospace  parts  is  now  being  prepared.  Also, 
the  guide  is  being  extended  so  that  designers  will  be  able  to  use  it  at  the  conceptual  design 
phase,  where  the  most  leverage  exists  for  reducing  costs  of  new  systems. 

The  Air  Force  Manufacturing  Coat /Design  Guide  was  recognized  in  1983  by  the 
Office  of  the  Secretary  of  Defense  as  a  "Top-cf-the-Llne"  manufacturing  technology  success 


story. 

Companies  that  assisted  Battelle  in  the  project,  include:  General  Dynamics  Corpora¬ 
tion.  Fort  Worth  Division;  Grumman  Aerospace  Corporation;  Honeywell,  Incorporated; 
Lockheed-Callfornia  Company;  Northrop  Corporation,  Aircraft  Group;  Rockwell  Inter¬ 
national  Corporation,  North  American  Aircraft  Operations;  and  Rockwell  International 
Corporation,  Collins  Avionics  Division.  The  Boeing  Commercial  Airplane  Company  served 
as  reviewer  of  the  guide. 

The  four-volume  guide  is  available  in  three-ring  binder  desk  versions  and  is  easily 
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APPENDIX  D 
ACCOUNTS  IN  PRESS 

SA-26  DEFENSE/SPACE 
BUSINESS  DAILY 
5  TIMES/WEEK 

JAN  8  1979 

AF  DEVELOPING  GUIDE  FOR  REDUCI  NG  AIRFRAME  COSTS 

A  manufacturing  manual  which  is  designed  to  help  reduce  the  costs  of  future  aircraft  by 
providing  the  manufacturing  costs  of  a  Urge  number  of  alternate  design  configurations 
of  airframes  ai  both  the  conceptual  and  detailed  design  phases  is  being  developed  for  the 
Air  Force  Materials  Laboratory  by  Battelle's  Columbus  Laboratories, 

Seven  of  the  nation's  major  aircraft  contractors  will  support  theBlttelle  study; 

1)  General  Dynamics/Fort  Worth  Division;  2)  Grumman  Aerospace  Corp. ;  3)  Honeywell 
Inc. ;  4)  Lockheed  California  Co. ;  5)Northrop  Corp. ;  6)  Rockwell  Intemational/North 
American  Aviation;  and  7)  Rockwell /Collin  s  Government  Avionics  Division. 

Expansion  of  the  "Manufacturing  Cost/Design  Guide"  is  a  follow-on  to  a  program 
begun  in  1975  by  Batielle  with  aerospace  support  to  develop  manufacturing  man-hour 
data  and  designer-oriented  formats  and  to  conduct  structural  performance/manufacturing 
cost  trade-off  studies  on  fuseiage  panels.  According  to  Battelle,  several  aerospace 
companies  are  already  using  demonstration  sections  of  the  initial  guide  in  llteir  aircraft 
design  activities.  Work  to  computerize  the  guide  is  underway. 

The  follow  on  study  will  develop  manufacturing  cost  data  to  expand  the  guide  for  test, 
inspection  and  evaluation  techniques.  Battelle  notes  that  testing  accounts  for  10  to  25 
percent  of  the  direct  labor  costs  of  airframe  manufacture  and  a  higher  percentage  for 
engine  manufacturer. 

Cost  data  will  be  provided  for  Tl&E  techniques  for  sheet  metal,  castings,  machining, 
assembly,  composites  and  electronic  parts  in  aerospace  ipanufacturing,  and  for  such 
emerging  teciviologies  as  primary  adhesive-bonded  structures,  cast  aluminum  structures, 
and  built  up  low  cost  advanced  titanium  structures. 

Manufacturing  and  design  costs  will,  also  be  established  for  aerospace  electronic  parts 
lubrication  and  assembly. 

The  Uuiu-Ue  el  lull  is  directed  by  Bryan  U.  Noton. 
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5A-7  AEROSPACE  DAILY 
DAILY 

JAN  3  1980 

batelle/industry  team  trying  to  trim  aircraft  manufacturing  costs 

Seven  U.S.  aerospace  companies  are  working  with  Battelle's  golumhus  LahneaiorioK-Lft 
develop  for  the  Air  Force  a  guide  aimed  at  reducing  cost  of  aircraft  systems . 

Assisting  Battelle  is  a  team  including  General  Dynamics ,  Fort  Worth  Div.;  Grumman  Aero¬ 
space  Corp.;  Honeywell ,  Inc .;  Lockheed -California  Co.;  Northrop  Corp. ,  Aircraft  Group;  Rock¬ 
well  International's  North  American  Div.;  and  Collins  Government  Avionics  Divisions. 

Contracted  for  by  the  AF  Materials  Laboratory,  Wright-Patterson  AFB ,  Ohio,  the  guide, 
according  to  an  AF  spokesman,  "will  enable  designers  to  compare  manufacturing  costs  of  a  large 
number  of  alternative  design  configurations  of  airframes  at  both  the  conceptual  and  detail  design 
phases .  This  should  reduce  overall  costs  of  aircraft  as  well  as  promote  Improved  communications 
and  interaction  between  manufacturing  engineers  and  designers." 

An  announcement  from  Battelle  last  week  noted  that  the  guide  project  is  part  of  an  onging 
program  begun  at  Columbus  in  1975,  when  the  Laboratories  and  aerospace  company  engineers  de¬ 
veloped  man-hour  data  and  designer -oriented  formats,  as' well  as  studies  of  structural  performance/-; 
manufacturing  cost  trade-offs  on  fuselage  panels .  Several  aerospace  firms  are  already  using  de¬ 
monstration  sections  of  the  guide  in  their  own  aircraft  design  work,  Battelle  reported,  and  the  guide  i 
is  being  computerized. 

The  current  follow-on  study  will  develop  manufacturing  cost  data  to  expand  the  guide  for  | 
test ,  inspection  and  evaluation  techniques ,  Battelle  said.  It  pointed  out  that  testing  requirements  ; 
presently  account  for  about  10-25%  of  the  direct  labor  cost  of  airframe  manufacture,  and  a  higher  j 
percentage  in  engine  manufacture, 

Battelle's  Bryan  R .  Noton,  who  heads  the  project ,  said  the  team  will  also  gather  and  de¬ 
velop  data  on  several  emerging  technologies,  including  primary  adhesive-bonded  structures;  cast 
aluminum  structures;  and  built-up,  low-cost  advanced  titanium  structures , 

In  addition,  he  said,  engineers  will  establish  manufacturing  and  design  costs  for  aerospace.  ; 
electronics  fabrication  and  assembly,  which  due  to  systems  sophistication  have  been  increasing 
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5A-5 <  THE  WEEKLY  OF 
BUSINESS  AVIATION 
WEEKLY 

JAN  7  1980 

BATTELLE/INDUSTRY  TEAM  TRYING  TO  REDUCE  DESIGN  COSTS  -  Seven  U.S.  aerospace  com¬ 
panies' a're"  working  with  Battelle's  Columbus  Laboratories  to  develop  for  the  Air  Force  a  guide  aim¬ 
ed  at  reducing  the  cost  oT  aircraft  systems.  Those  companies  participating  include:  General  Dynamics; 
Grumman  Aerospace  Corp.;  Honeywell  Inc.;  Lockheed-California  Co.;  Northrop  Corp.,  Aircraft  Group; 
and  the  North  American  and  Collins  Government  Avionics  Divisions  of  Rockwell  International.  An 
Air  Force  spokesman  said  the  guide  "will  enable  designers  to  compare  manufacturing  costs  of  a  large 
number  of  alternative  design  configuration  of  airframes  at  both  the  conceptual  and  detail  design 
phases.  This  should  reduce  overall  costs  of  aircraft  as  well  as  promote  improved  communications  and 
interaction  between  manufacturing  engineers  and  designers,"  the  spokesman  said. 
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SOFTWARE  DICEST 
1/10/80 

A  "Manufacturing  Coct/Derign  Guide,"  intended  to 
provide  aircraft  designers  with  manufacturing  cost  inf  or* 
station  on  how  to  keep  the  cost  of  aircraft  systems  down, 
is  being  developed  for  the  Air  Force  Materieals  Laboratory 
Wright'Pattenon  (Ohio)  Air  Force  Base.  Developing  the 
guide  is  a  team  of  U.S.  aerospace  companies  working  with 
Battelle’s  Columbus  laboratories,  the  prime  contractor. 

According  to  the  Air  Force’s  Capt.  Steven  LeQair,  the 
guide  will  enable  designers  to  compare  manufacturing  cos 
of  a  large  number  of  alternative  design  configurations  of 
airframes  at  both  the  conceptual  and  detail  design  phases. 
This  should  reduce  overall  costs  of  aircraft  as  well  as  pro* 
mote  improved  communications  and  interaction  between 
manufacturing  engineers  and  designers. 


41A-71  TECHNICAL  SURVEY 
WEEKLY 


JAN  12  1980 

A  Manufacturing  Cost/Design  Guide  is  being  developed  for 
he  Air  Force  Materials  Lab,  Wrigbt-Patterson  (Ohio)  Air 
:orce  Base  by  Batielie  Labs  (Columbus.  Ohio)  and  the 
erospace  industry,  it  will  enable  designers  to  compare 
Manufacturing  cosu  of  a  large  number  of  alternative  design 
:onfigurations  of  airframes  at  both  the  conceptual  and  detail 
iesign  phases.  This  should  reduce  overall  costs  of  aircraft 
md  improve  communications  and  interaction  between 
nanufacturins  engineers  and  designers.  Assisting  Battelle  in 
he  program ~  are:  General  Dynamics,  Fort  Worth  Div; 
jrununan  Aerospace  Corp;  Honeywell  Inc;  Lockheed- 
3aiifonua  Co;  Northrop  Corp,  Aircraft  Group;  Rockwell 
International's  N  American  Aviation;  and  Collins  Govt 
Avionics  Divs.  (Battelle  Labs  news  release) 
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Copy  available  to  DTIC  cfcee 
permit  fully  legible  reproduction 
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FEB  1980 

Aerospace  project 
focuses  on 
manufacturing  costs 

"Manufacturing  Cost/Design 
Guide"  is  being  developed  for  the 
Air  Force  Materials  Laboratory, 
Wright-Patterson  (Ohio)  Air 
Force  Base,  by  a  team  of  U.S. 
aerospace  companies  working 
with  Battelle’s  Columbus 
Laboratories. 

the  guide  will  enable  designers 
to  compare  manufacturing  costs  of 
a  large  number  of  alternative  de¬ 
sign  configurations  of  airframes  at 
both  the  conceptual  and  detail  de¬ 
sign  phases.  The  intent  is  to  re¬ 
duce  overall  costs  of  aircraft  as 
well  as  promote  improved  com¬ 
munications  and  interaction  be¬ 
tween  manufacturing  engineers 
and  designers. 

The  guide  development  is  part  of 
an  ongoing  program  begun  in 
1975.  Initial  efforts  dealt  with 
manufacturing  man-hour  data 
and  structural  performance/ 
manufacturing  cost  trade-off 
studies  on  fuselage  panels.  Sev¬ 
eral  aerospace  companies  are  al¬ 
ready  using  demonstration  sec¬ 
tions  of  the  guide  in  their  own  air¬ 
craft  design  activities.  The  guide 
is  also  being  computerized. 

In  the  current  effort,  the  team 
will  develop  manufacturing  cost 
data  to  expand  the  guide  for  test, 
inspection,  and  evaluation 
techniques  for  sheet  metal,  cast¬ 
ings,  machining,  assembly,  com¬ 
posites,  and  electronic  parts  in 
aerospace  manufacturing.  Cost 
drivers,  cost-eliminating  data, 
and  designer-influenced  cost  ele¬ 
ments  will  be  identified. 

Information  also  will  be 
gathered  and  developed  on  several 
emerging  technologies  which  in¬ 
clude  primary  adhesive-bonded 
structures;  cast  aluminum  struc¬ 
tures;  and  built-up,  low-cost,  ad¬ 
vanced  titanium  structures. 

And  because  electronic  corts  are 
increasing  as  a  percentage  of  total 
aircraft  costs,  electronic  parts  will 
be  studied  to  establish  manufac¬ 
turing  and  design  costs  for  aero-> 
space  electronics  fabrication  and 
assembly. 
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Aircraft  manufacturing  costs 
guldo 

A  manufacturing  cost/design  guide  in¬ 
tended  to  provide  Aircraft  designers  with 
manufacturing  cost  information  is  being 
developed  for  the  Air  Force  by  a  team  of 
US  aerospace  companies  working  with 
Battellc  Columbus  Laboratories.  Colum¬ 
bus,  OH.  The  guide  will  enable  designers 
to  compare  manufacturing  costs  of  a 
large  number  of  alternative  design  con¬ 
figurations  of  airframes  at  both  the  con¬ 
ceptual  and  detail  design  phases.  This 
should  reduce  overall  costs  of  aircraft  as 
well  as  promote  improved  communica¬ 
tions  and  interanion  between  manufac¬ 
turing  engineers  and  designers. 

Information  also  will  be  gathered  and 
developed  on  several  emerging  technolo¬ 
gies  which  include  primary  adhesive- 
bonded  structures,  cast  aluminum  struc¬ 
tures  and  built-up  low-cost  advanced 
titanium  structures. 
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Figure  1.  Exptritnc *  Distribution  of  Atrotpact  Dtrigntra 


Because  the  recent  graduate  will  be  expected  to 
become  involved  in  design  earlier  in  his  career,  tools 
are  needed  to  help  speedup  the  process  of  transition¬ 
ing  graduates  to  tne  aerospace  design  team.  The 
ICAM  MC/DG  is  such  a  tool.  It  can  be  integrated  into 
the  university  engineering  curricula  ana  industry 
training  programs. 

An  important  area  in  which  the  MC/DG  can  be  used 
for  training  is  the  design-Uxost  (DTC)  programs.  The 
MC/DG  introduces  the  designer  to  design  —  to  lowest 
cost  objectives,  manufacturing  cost-drivers,  and 
methodologies  seldom  covered  in  his  education.  It  not 
only  introduces  the  designer  to  DTC.  but  it  indicates 
how  to  achieve  that  goal  by  the  airframe  application 
examples  contained  in  the  MC/DG,  tutorials  on  the 
computerized  system,  and  by  the  actual  trade-studies 
conducted  and  included  in  the  appendices  to  the 
MC/DG  hard  copy. 

The  MC/DG  also  introduces  the  less  experienced 
designer  to  shop  floor  activities.  The  MC/DG  provides 
an  insight  on  how  parts  are  manufactured  and  will  help 
graduates  design  a  part  for  lower  cost  manufacture. 
This  information  will  improve  communication  between 
the  less  experienced  designer  and  his  co- workers,  both 
in  the  design  and  manufacturing  offices. 

Benefits  of  the  Air  Force  ICAM  MC/DG  to  universi¬ 
ty  professors  and  students  are  summarized  below: 

To  the  Professor 

•  Provides  a  realistic,  easy-to-use  source  of 
manufacturing  cost  information  for  aerospace 
discrete  parts  and  subassemblies 

•  Provides  a  generally  applicable,  up-to-date  source 
of  information,  as  opposed  to  specific  information 
from  the  brochures  of  vendors 

»  Provides  a  link  betv/een  theoretical  design  courses 
and  industry  by  enabling  structural  perfor¬ 
mance/ manufacturing  cost  trade-studies  to  be 
conducted  in  the  classroom 

•  The  computerized  MC/DG  will  provide  an  ad¬ 
ditional  dimension  to  computer  activities  in 
engineering  schools. 


To  the  Student: 


•  Introduces  students  to  systematic  methodologies 
for  performing  trade-stuaies 

•  Teaches  students  the  impact  of  manufacturing 
technology  selection,  comparative  costs,  ana 
manufacturing  facility  requirements 

•  Familiarizes  students  with  the  use  of 
manufacturing  cost  data  at  all  stages  of  the  design 
process 

•  Aids  students  in  the  transition  from  the  classroom 
or  laboratory  environment  to  industry. 

The  following  is  a  brief  course  outline  on  the  use  of 
the  MC/DG: 

•  Introduction  to  the  background  and  need  of  the 
MC/DG 

•  How  the  MC/DG  complements  "design-to-cost ” 

•  Explanation  of  Cost-Driver  Effects  (CDE),  Cost- 
Estimating  Data  ICED).  Designer  Influenced 
Cost-Elements  (DICE),  and  other  information 

E resented  in  the  MC/DG 
[lustration  of  how  the  MC/DG  is  used  and 
applied  by: 

—  Addressing  each  manufacturing  technology  for 
sheet  metal,  castings,  composites,  and  test, 
inspection  and  evaluation  (tI&E). 

—  Stressing  the  cost-drivers  and  illustrating 
these  with  examples 

—  Creating  theoretical  trade-off  situations  in 
airframe  structure  development 
—  Illustrate  results  with  diagrams  showing  cost 
of  structural  performance. 

Examples  of  common  trade-off  situations,  with 
engineering  drawings  that  confront  designers,  are 
used.  Direction  would  be  provided  on  how  to  proceed 
and  significance  of  results  explained.  The  trades  would 
be  extended  to  include  both  cost  and  weight  (requiring 
application  of  theoretical  course  work  on,  for  example, 
mechanics  of  materials  and  structural  analysis). 


MC/DG  Courses  Scheduled 

Presentations  by  the  Air  Force  and  the  Prime  Con¬ 
tractor,  Battelle’s  Columbus  Laboratories  (BCL).  and 
the  airframe  industry  team  members  on  the  MC/DG 
Data  Development  Program  (Air  Force  Contract  No. 
F33615-79-C-5102)  have  been  given  at  a  number  of  re¬ 
cent  important  engineering  societies’  conferences 
which  include: 

•  AIAA  22nd  Structures,  Dynamics  &  Materials 
Conference 

•  AIAA  1981  Annual  Meeting  “Frontiers  of 
Achievement" 

•  26th  National  SAMPE  Symposium,  “Materials 
and  Process  Applications  •  Land,  Sea,  Air  and 
Space" 

•  lath  International  Technical  Conference  of  the 
Numerical  Control  Society 
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As  the  MC/DG  is  intended  for  designer  use,  presen¬ 
tations  at  conferences  are  important  to  accelerate 
technology  transfer  of  the  results  of  these  Air  Force 
programs,  as  well  as  to  achieve  approval  and  accep¬ 
tance  by  management  in  industry-  The  MC/DG  has 
been  used,  for  example,  by  Lockheed-California  Com¬ 
pany  and  Rockwell-International ’s  North  American 
Aircraft  Division  in  actual  trade-studies  on  Navy  air¬ 
craft  control  surfaces  and  MX-missile  composite 
fuselage  panels. 

Another  important  opportunity  to  achieve 
technology  transfer  is  through  the  presentation  of 
courses  in  universities.  A  course  on  ‘^Structural  Per¬ 
formance/Manufacturing  Cost  Trade-Studies  Using 
Composite  Materials  and  the  Manufacturing 
Cost/Design  Guide  (MC/DG)”  will  be  given  at  Texas 
A&M.  College  Station,  Texas,  for  one  week,  beginning 
10  August  1981.  The  course  is  for  students  par¬ 
ticipating  in  the  Air  Force  Office  of  Scientific  Research 
(AFOSR)  program  and  provides  an  introduction  to 
composite  design  and  applications.  The  course  will  be 
similar  to  that  indicated  in  the  brief  outline  above  and 
will  be  given  by  Mr.  Bryan  R.  Noton.  Program 
Manager,  MC/DG,  Data  Development  Program  at 
Batteue’s  Columbus  Laboratories. 

A  similar  course  is  scheduled  19-20  Oct  1981  at  the 
Air  Force  Institute  of  Technology  (AFIT).  Wright- 
Patterson  Air  Force  Base,  Dayton,  Ohio,  and  will  be 
again  presented  by  Mr.  Noton  and  is  being  organized 
by  Capt.  Richard  R.  Preston,  ICAM  Project  Manager. 
Computer  Integrated  Manufacturing  Branch.  Material 
Laboratory. 

A  major  missile  design  and  manufacturing  corpora¬ 
tion  has  scheduled  a  course  by  Battelle  on  the  MC/DG 
for  airframe  and  mechanical  preliminary  and  detail 
designers.  This  course  will  be  given  in  September, 
1981, 

A  course  will  also  be  presented  by  the  MC/DG  Sub¬ 
contractor,  Rockwell  International,  at  both  the  North 
American  Aircraft  and  the  North  American  Space 
Operations  Divisions. 
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EXPANSION  OF  ICAM 
“MANUFACTURING  COST / 
DESIGN  GUIDE”  (MC/DG) 

The  Compute*  Integrated  Manufacturing  Branch 
recently  took  the  necessary  action  to  initiate  the 
development  and  implementation  of  two  additional 
manufacturing  technology  sections  of  the  MC/DG. 
These  sections  will  be  developed  under  the  MC/DG 
Data  Development  project,  Contract  No. 
F33615-79-C-5102.  These  sections  are: 

•  forgings 

•  extrusions. 

The  data  requirements  and  designer-oriented  for¬ 
mats  identifying  manufacturing  cost-drivers,  both 
qualitatively  and  in  man-hours,  were  prepared  under 
Contract  No.  F33615-75-C-5194,  enabling  development 
of  a  model  of  the  MC/DG,  a  section-by-section  lay-out 
of  all  formats,  etc.,  and  an  implementation  plan.  This 
program  is  reported  in  the  final  technical  report 
(AFML-TR-76-227).  The  additional  MC/DG  sections 
will  now  enable  manufacturing  cost  trade-studies  to  be 
conducted  between  sheet  metal  assemblies,  such  as 
sheet  metal  panels  with  built-up  stringer  sections  and 
one  piece  extrusion-stiffened  panels.  Furthermore,  it 
will  be  possible  to  compare  the  manufacturing  cost  of 
castings  and  forgings  with  built-up  sheet  metal 
assemblies.  Earlier  completed  programs  required 
development  of  the  following  MC/DG  sections,  which 
have  been  demonstrated  in  the  airframe  design  pro¬ 
cess: 

•  sheet  metal  discrete  parts 

•  mechanically-fastened  assemblies 

•  composites  (a  limited,  four-month  program) 

•  castings 

•  test,  inspection  and  evaluation  (TI&E). 

Several  companies  which  have  utilized  the  above 
demonstration  sections  for  applications  such  as  the 
MX-missile,  have  shown  enthusiasm  about  expanding 
this  design  tool  to  include  forgings  and  extrusions. 


D-ll 


■v. 


1 


TTD45026Q000 
12  Sept  1984 


The  criteria  for  developing  the  MC/DG  are: 

•  emphasize  cost-drivers 

•  be  simple  to  use 

•  use  designer  language 

•  instill  confidence 

•  be  economical 

•  be  accessible 

•  be  maintainable. 

A  recent  comparison  between  the  MC/DG  and  con* 
ventional  cost-estimating  methods  revealed  that  for  a 
stiffened  panel  type  structure,  only  two  calculations 
were  necessary  with  the  MC/DG,  but  over  30  calcula¬ 
tions  were  required  utilizing  conventional  cost¬ 
estimating  methods.  This  clearly  demonstrates  the 
degree  of  success  achieved  in  meeting  several  of  the 
above  design  criteria.  However,  conventional  cost¬ 
estimating  methods  were  utilized  in  establishing  the 
Battelle  Industry  Data  (BID!  which  provided  the  foun¬ 
dation  for  the  designer-oriented  formats. 

The  Air  Force  focal  point  for  this  project  is 
AFWAL/MLTC,  Capt.  R.  R.  Preston.  (513)  255-6976. 

ICAM  REPORT  October  '81  pa«o  2 
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POTENTIAL  PAYOFF  OF 
UTILIZING  ICAM  “MC/DG 
FOR  ELECTRONICS” 

Experienced  designers  in  industry  were  requested  to 
estimate  the  cost-savings  impact  of  utilizing  the 
ICAM  “Manufacturing  Cost/Design  Guide”  (MC/DG) 
through  all  phases  of  electronic  systems  development: 

•  Conceptual  design  phase 

•  Engineering  design  phase 

•  Prototype  phase 

•  Preproduction  phase 

•  Production  phase. 

The  following  are  the  estimated  payoffs  from  using 
the  MC/DG  on  an  inertial  navigation  system: 

•  Buy  600 

•  $60,000  each 

•  $36,000,000  program 

•  Engineering  design  and  development  program, 
typically  2-year  effort  costing  $2,000,000 

•  MC/DG  increases  design  activity  by  10  percent, 
i.e.,  $200,000  but  is  more  efficient 

•  Use  of  ICAM  MC/DG  predicted  to  reduce 
materiai  and  labor  cost  of  each  system  by  10 
percent  to  $54,000 

•  Cost  of  total  program  now  $32,000,000 

•  Savings  estimated  to  be  $4,000,000 

•  At  manufacturing  level,  savings  are  greater 
(percentage) 

The  avionic/electronic  designers  were  also  requested 
to  indicate  general  benefits  of  the  ICAM  MC/DG,  and 
its  role  in  the  CAM  environment.  The  responses  were: 
MC/DG  Be . refits 

•  Influences  design  decisions 

•  Emphasizes  low  cost  processes 

•  Provides  qualitative/quantitative  manufac¬ 
turing  cost  data 

•  Imparts  senior  designer  experience  on  new 
engineers 

•  Direct  feedback  of  manufacturing  cost  im¬ 
plications  of  design  choices. 


MC/DG  Role  in  CAM  Environment 

•  Provides  link  between  CAD  and  CAM 
—  Design/ manufacturing  interaction 

•  Highlights  lowest  cost  process  flow 

•  Design  trades  with  known  manufacturing  cost 
impacts 

•  Immediate  cost  impact  of  documentation 
change  notice. 

MC/DG  reports  containing  airframe  and  electronics 
formats  and  data  have  been  requested  through  the  Air 
Force  Computer  Integrated  Manufacturing  Branch 
(AFWAL/MLTC)  for  use  in  conjunction  with  the 
following  projects.  The  requesting  organizations  and 
related  programs  are  indicated  below: 

•  Advanced  Composite  Airframe  Program 
(ACAP) 

—  AVRADCOM,  Ft.  Eustia,  Virginia 

•  Advanced  Robotic  Systems 

—  Fairchild  Republic  Company,  Farmingdale, 
New  York 

•  Computerized  Printer 

—  RCA,  Morristown,  New  Jersey 

•  Effective  Analysis  Program 

—  Western  Electric,  Greensboro,  North 
Carolina 

•  Flap  Structural  Configurations 

—  Lockheed-Califomia  Company,  Burbank, 
California 

•  Liquid  Rocket  Engine  Propulsion  System 
—  Rockwell  International  (NAAD),  Los 

Angeles,  California 

•  MX  Stage  4  Shell  Structure  Door 

—  Rockwell  International  (NAAD),  Los 
Angeles,  California 

•  Seek-Talk  Technical  Modernization  Program 

—  Hazeltine  Corporation,  Greenlawn,  New  York 

•  Sheet-Metal  Fabrication  Systems 

—  Fairchild  Republic  Company,  Farmingdale, 
New  York 

•  Space  Shuttle  External  Tank  Project  •  NASA 
—  Martin-Marietta  Aerospace  Corporation, 

New  Orleans,  Louisiana 

•  YAH-64  Advanced  Attack  Helicopter 

—  Hughes  Helicopters,  Inc.,  Culver  City, 
California 

•  F/A-18  Technical  Modernization  Program 
N 000 1 9-75-C-0424 

—  Hughes  Aircraft  Company,  Culver  City, 
California 

•  Ballistic  Intercept  Missile  Concept  Study 
—  General  Research  Corporation,  Santa 

Barbara,  California 
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•  Future  Torpedo  Requirements  Study,  Contract 
NICRAD-81-NVSC-0007 
—  Gould,  Inc.,  Cleveland,  Ohio 
The  MC/DG  program  is  being  developed  by 
Battelle's  Columbus  Laboratories  (BCD,  as  prime  con* 
tractor,  supported  by  the  following  subcontractors: 
General  Dynamics  Corporation,  Fort  Worth  Division; 
Grumman  Aerospace  Corporation;  Honeywell,  Inc.; 
Lockheed-Califomia  Company;  Northrop  Corporation, 
Aircraft  Group;  Rockwell  International  Corporation, 
North  American  Aircraft  Division;  and  Rockwell  In* 
temational  Corporation,  Avionics  &  Missiles  Group, 
Collins  Avionics  Division. 

The  USAF  project  manager  for  this  program  is  Capt 
R.  R.  Preston,  (513)255*6976. 
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Many  usars  hava  raportad  significant  tima  savings 
as  a  rasult  of  using  tha  guida.  For  example,  in  a  recant 
design  exarciaa  by  Rockwall  International  (North 
American  Aircraft  Operational  of  Los  Angelas,  Califor¬ 
nia,  of  a  composite  material,  stiffened  panel-type  struc¬ 
ture,  more  than  30  calculations  were  required  using 
conventional  cost-estimating  methods  for  tha  panel, 
while  only  two  calculations  ware  necessary  using  tha 
MC/DGs.  Similar  studies  conducted  by  General 
Dynamics  Corp.,  Fort  Worth,  Texas,  on  F-16 
aluminum  stiffened  panels  resulted  in  time  savings  of 
the  same  relative  magnitude.  In  another  study,  the 
MC/DG  was  used  to  conduct  a  trade  study  for  replace¬ 
ment  of  an  aluminum  isogrid  shell  structure  door 
designed  as  a  baseline  for  the  MX  Missile  Stage  4  shell 
structure.  An  engineer,  using  the  MC/DG  cost-driver 
effect  and  cost-estimating  data  formats,  performed  the 
cost  trade  analysis  on  ten  different  advanced  com¬ 
posite  designs.  It  was  estimated  that  the  trade  study 
was  conducted  in  eight  hours  using  the  MC/DG, 
whereas  with  the  normal  method  of  working  with 
manufacturing  engineering  and  cost-estimators,  the 
task  would  have  required  approximately  40  hours  of 
labor  and  a  calendar  span  of  one  week. 

Designers  of  avionic/electronic  systems  also  have  in¬ 
dicated  benefits  of  the  MC/DG  and  its  role  in  a  com¬ 
puter  aided  manufacturing  environment.  Those 
benefits  include:  influencing  design  decisions  early  in 
the  design  phase,  emphasizing  low  cost  processes 
within  a  broad  range  of  available  data  providing 
qualitative/ quantitative  manufacturing  cost  data,  im¬ 
parting  senior  design  experience  on  new  engineers,  and 
providing  direct  feedback  of  manufacturing  cost  im¬ 
plications  of  design  choices.  The  ICAM  Program  Of¬ 
fice  focal  point  for  the  MC/DG  project  is  Capt  R.  R. 
Preston,  (513)  255-7371. 
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41C-34N  TEST  A  MEASUREMENT 

WORLD 

MONTHLY 

OCTOBER  1982 


Guide  Speeds 
Manufacturing  Cost 
Studies 

Dfcveloped  along  with  a  coalition  of 
major  airframe  and  avionics 
companies,  a  guide  that  allows 
designers  of  airframes  and 
electronic  equipment  to  quickly 
and  inexpensively  determine 
manufacturing  costs  has  been 
published  by  Battelle  Laboratories. 
Including  cost  comparisons  of 
manufacturing  methods,  parts 
assemblies  and  test,  inspection  and 
evaluation  methods,  the  guide  is 
particularly  useful  for  inexperienced 
designers  and  those  involved  with 
computer-aided  manufacturing. 
Presently  in  use,  the  guide 
reportedly  has  reduced  the  time  to 
perform  some  studies  by  as  much  as 
80  percent.  The  Manufacturing 
Cost /Design  Guide  is  available 
from  Bryan  R.  Norton,  Battelle 
Columbus  Laboratories,  505  King 
Ave.,  Columbus,  OH  43201,  or 
from  the  Defense  Technical 
Information  Center,  Cameron 
Station,  Alexandria,  VA  22314. 
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Guide  for  designers 
helps  reduce 
manufacturing  costs 

A  guide  that  allows  designers  of 
airframe  and  electronic  equip¬ 
ment  to  quickly  and  inexpen¬ 
sively  determine  manufacturing 
costs  has  been  developed  at 
Battelle’s  Columbus  Laboratories 
with  a  coalition  of  nu^or  airframe 
and  avionics  companies.  It  is  cur¬ 
rently  being  used  by  a  number  of 
military  and  civil  aircraft  manu¬ 
facturers. 

The  guide  includes  cost  com¬ 
parisons  of  manufacturing  meth¬ 
ods,  parts,  assemblies,  and  inspec¬ 
tion  techniques.  With  the  infor¬ 
mation  in  the  guide,  designers 
can  quickly  determine  cost- 
drivers,  conduct  cost  estimates, 
and  compare  manufacturing 
processes— -early  in  the  design 
process. 

Guide  sections  now  in  use  in¬ 
clude  sheet-metal  descrete  parts; 
mechanically  fastened  as¬ 
semblies;  castings,  forgings,  and 
extrusions;  test,  inspection,  and 
evaluation  methods;  and  elec¬ 
tronics  fabrication  and  assembly. 
Sections  are  being  planned  for 
machining,  adhesive  bonding, 
superplastic  forming-diffusion 
bonding,  and  composites. 

The  guide  currently  is  in 
report-style,  but  soon  will  be 
available  in  three-ring  binder 
desk  versions  and  as  a  pocket-size 
edition. 

U.S.  companies  and  govern¬ 
ment  agencies  can  access  the 
guide  by  contacting:  Captain 
Richard  R.  Preston,  afwal/  mltc, 
W-PAFB,  Ohio  45433,  or  Bryan  R. 
Noton,  Battelle’s  Columbus  Labo¬ 
ratories,  505  King  Avenue;  Co¬ 
lumbus,  Ohio  43201.  In  addition, 
"Manufacturing  Cost/Design 
Guide”  is  available  from  the  De¬ 
fense  Technical  Information  Cen¬ 
ter,  Cameron  Station;  Alexan¬ 
dria,  Virginia  22314. 
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August  23,  1982 


BATTELLE  S  Columbus  Laboratories  has  developed  a  guide  that  allows  designers  of  airframe  and  elec¬ 
tronic  equipment  to  quickly  and  inexpensively  determine  manufacturing  costs.  Guide  was  develooed 
by  Battel  le  with  a  coalition  of  major  airframe  and  avionics  companies  and  is  now  being  used  bv  a 
number  of  military  and  civil  aircraft  manufacturers.  "Manufacturing  Cost/Design  Guide"  was  developed 
during  the  past  seven  years  for  ti.  Air  Force  Wright  Aeronautical  Laboratories'  Computer  Integrated 
Manufacturing  Branch,  Materials  laboratory.  Guide  indudes  con  comparisons  of  manufacturing  meth¬ 
ods,  parts  assemblies  and  inspection  -techniques.  For  a  copy  of  . the  report,  contact:  Caot  Richard  R 
Preston,  AFWAL/MLTC,  W-PAFB,  Ohio  45433,  or  Bryan  R.  Noton  at  Battalia. 
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OCTOBER  1982 


Guide  cuts  costs 

A  guide  that  allow*  dtaignen  of  alec- 
tronic  and  airframe  equipment  to 
quickly  and  inexpensively  determine 
manufacturing  coats  has  been  devel¬ 
oped  at  Batteile’e  Columbus  Laborato¬ 
ries  in  cooperation  with  s  coalition  of 
major  airframe  end  avionics  compa¬ 
nies.  The  Manufacturing  Cont /Design 
Guide  was  developed  during  the  past 
seven  years  for  the  Air  Force  Wright 
Aeronautical  Laboratories’  Computer 
Integrated  Manufacturing  Branch, 
Materials  Laboratory.  According  to 
Batteile  program  manager  Bryan  R. 
Noton.  the  guide  includes  cost  com¬ 
parisons  of  manufacturing,  parts, 
assemblies  and  inspection  techniques. 

This  information  is  designed  to 
enable  designers  to  quickly  determine 
cost-drivers,  conduct  coat  estimates, 
and  compare  manufacturing  processes 
b>  going  to  a  single  reference.  This 
puts  designers  on  the  lowest  cost  track 
early  in  the  design  process  end  pro¬ 
vides  them  with  direct  feedback  on 
manufacturing  costs. 


While  generally  targeted  for  manu¬ 
facturing  and  procurement  depart¬ 
ments,  the  guide  is  particularly  useful 
for  inexperienced  designers  and  those 
involved  with  computer-aided  manu¬ 
facturing.  Guide  sections  now  in  use 
include  electronics  fabrication  and 
assembly,  and  test,  inspection,  and 
evaluation  method*.  According  to  Air 
Force  project  engineer  Captain  Rich¬ 
ard  R.  Preston,  several  companies 
already  have  reduced  design  time  and 
costs  by  using  the  new  guide.  U.S. 
companies  and  government  agencies 
can  obtain  the  guide  by  contacting: 
Captain  Richard  R.  Preston,  AFWAI./ 
MLTC,  W-PAFB,.  Ohio  45433,  or 
Bryan  R.  Noton,  Battelle’s  Columbus 
Laboratories,  505  King  Avenue.  Co¬ 
lumbus.  Ohio  4320l  ln  addition,  it  is 
available  from  the  Defense  Technical 
Information  Center,  Cameron  Station. 
Alexandria,  Virginia  22314.—  D,£. 
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H  ^^attelle  served  as  the 
prime  contractor  in 
developing  the  U.S.  Air  Force's 
Manufacturing  Cost/Design 
Guide  which  will  help  reduce 
the  cost  of  airframe  structures 
and  electronics  in  aerospace 
systems.  This  accomplishment 
was  recognized  by  the  U.S. 
Secretary  of  Defense  as  a 
"Top-of-the-Line"  Manu¬ 
facturing  Technology  Success 
Story.  The  guides  are 
developed  with  industry-wide 
cooperation  to  distill  industrial 
practice  in  easy-to-use  formats 
and  make  key  connections 
with  computer-aided  design 
and  computer-integrated 
manufacturing  systems.  Used 
in  all  design  phases,  including 
procurement,  the  guide  also 
provides  cost  comparisons  of 
manufacturing  processes, 
imparts  senior  designer 
experience  to  inexperienced 
engineers,  and  emphasizes 
potential  cost  advantages  of 
emerging  technologies. 

Improving  productivity  in 
today's  highly  competitive 
manufacturing  climate  requires 
managers  to  face  some  difficult 
questions  about  their 
operations.  Battelle  has 
developed  a  computer- 
simulation  system  to  provide 
important  information  about 
productivity.  The  system 
enables  assessment  of  the 
impact  of  individual  or 
combinations  of  factors  before 


costly  changes  are  made. 
Examples  include  current  or 
proposed  process  functions, 
major  plant  renovation,  or 
personnel  requirements.  A 
decision-maker,  working  at  a 
computer  terminal,  can  use  the 
modeling  technique  to  test 
alternative  solutions  to 
problems,  immediately 
observing  the  effect  of  the 
proposed  change.  Potential 
applications  include  parts 
manufacturing,  food 
processing,  and  factory 
automation. 

A  Battelle  study  is  under  way 
to  utilize  rapid  solidification 
technology  in  producing  steel 
strip  products  directly  from 
molten  steel.  The  new  process, 
known  as  direct  strip  casting, 
has  the  potential  to  provide  the 
"leap-frog"  technology  needed 
to  obtain  a  competitive 
advantage  in  world  steel 
markets.  In  the  Battelle- 
developed  process,  molten 
metal  is  "dragged"  from  a 
tundish  onto  a  cooled  rotating 
metal  wheel  where  the  metal 
solidifies  instantly  into  a  strip  of 
uniform  thickness  and  width. 
The  process  offers  the  potential 


to  reduce  capital  investment 
and  operating  and  energy  costs 
as  well  as  to  improve  yield  and 
quality. 

Battelle  scientists  have 
developed  an  electroplating 
device  to  deposit  flawless, 
well-bonded  protective 
coatings  on  the  internal 
surfaces  of  hollow 
components.  The  functional 
coatings,  which  consist  of  a 
metallic  matrix  containing 
finely  dispersed  nonmetallic 
particles,  offer  a  number  of 
useful  properties,  including 
combined  wear  and  corrosion 
resistance,  dry  lubrication,  and 
mechanical  strength.  In 
contrast  to  conventional  brush 
electroplating,  in  the  new 
process,  the  electrolyte 
suspension  is  pumped 
continuously  to  the 
cathode— the  hollow  part— in  a 
circuit  that  includes  a  wad  of 
spongy  material,  mounted  on 
an  exchangeable,  rotating,  or 
oscillating  anode.  This  prevents 
sedimentation  of  the  particles, 
coagulation,  or  clogging  of  the 
spongy  material.  The  plating 
process  can  be  integrated  into 
an  automated  production  line. 
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Th$  INSPECTOR  GENERAL 

DESIGNER'S  GUIDE  WITH  A  NEW  APPROACH- A8D 

A  “Manufacturing  Coat/Daalgn  Quid#"  (MC/ 

DG)  ia  baing  eetabliehed  by  tha  Materiala  Labora¬ 
tory,  Wright-Pettereon  APB,  Ohio,  ao  that  airframe 
and  electronic  designers  hava  available— within 
ona  rafaranca  aourca— coat-estimating  data  on 
aaroapaca  parts  manufacturing,  aaaambly  and 
taat,  inspection,  and  evaluation. 


■sees  alaeeenls  faSHeeSan  and  naamSty  am  pnwtaua 

Tha  laboratory's  Manufacturing  Tachnology 
Diviaion,  Computer  Integrated  Manufacturing 
Branch,  began  development  of  tha  new  guidaa  in 
1 975.  Tha  aectione  completed  to  data  are:  sheet 
metal  diacreta  parts;  composites;  mechanically 
faatened  asaambllea;  castinga;  forgings;  extru- 
aiona;  taat,  inapaction,  and  evaluation;  and  elec¬ 
tronics  fabrication  and  aaaambly. 


of  the  MC/OQ  are 


The  guide  can  be  uaad  by  tha  design,  manufac¬ 
turing,  and  procurement  departments.  It  improves 
communication  and  interaction  between  manu¬ 
facturing  engineers  and  daalgnara  throughout  tha 
airframe  and  avionic  deaign  procaaaaa. 
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Th>  gtXda  I*  pnrdoulsrtv  uootul  at  dw  praamtnary  da» 
•igfi  phass  whtr*  tha  lavTapa  axJata  to  aoNava  maul 
mum  ooat  aavtnpa  and  aWatdaW  parfarmanaar  La., 
hmda  axptndad  at*  low,  y*t  ths  dssMens  ms  da  haw  al* 
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and  malwtananea  ofanaOsmh. 

Coat  information  in  tha  guidaa  ia  providad  on 
formata  that  ara  davalopad  to:  amphaaiza  coat* 
drrvara,  ba  simpla  to  uaa,  uaa  daaignar  languaga, 
inatiii  daaignar  confidanca,  and  ba  accaaaibia  and 
maintainabla. 

MC^SqTthaiMdaa  tSabTawSSr  aPotTas  thwa  ting 
Mndar  daafc  v— <ona  and  aa  a  poakat  ada  adldan  that 
uaaa  color  aodln*  to  Inidnatannar  ha  writs  In  daalan. 

Tha  MC/DGa  ara  tima  aavara.  In  a  meant  atudy 
by  Rockwall  Intamational,  30  calculations  warn  ra* 
quirad,  uaing  convantional  coat-aatimating  moth- 
oda  for  tha  panai,  whila  only  two  calculationa 
warn  nacaasary  uaing  tha  MC/DGa.  Similar  atud- 
iaa  conductad  by  Ganarai  Dynamica  Corporation 
on  F-16  atuminum-atiffanad  panaia  raaultad  in  tha 
aama  tima  aavinga. 

Daaignar*  of  avionic/alactronic  ayatama  aiao 
hava  indicatad  banafita  of  tha  MC/DG  and  ita  rola 
in  a  computar-aidad  manufacturing  anvironmant. 
Thoaa  banafita  includa:  influancing  daaign  daci* 
aiona  aarty  in  tha  daaign  phaaa,  amphaaizing  low- 
coat  procaaaaa  within  a  broad  mnga  of  availabia 
data  providing  quaiitativa/quantitativa  manufac¬ 
turing  coat  data,  imparting  aanior  daaign  oxpari- 
•nca  on  now  anginaara,  and  providing  diract  food- 
back  of  manufacturing  coat  implicationa  of  design 
choicaa. 


US  companiaa  and  Govammant  aganciaa  can 
gain  accaaa  to  tha  MC/DG  by  contacting  Capt 
Praaton  or  Mr  Noton  at  tha  following  addmaaaa: 


Cap*  Mshard  R.  Rraotan 
APWAL/MLTC 

Wrtght-Pattaroen  ARB,  OH  40431 


Mr  Bryan  R. 


108  Kina  Avanua 
CrXumOua,  OH  43301 


Dafanaa  Tachnical  Information  Cantor,  Camar- 
on  Station,  Alaxandria,  VA  22314,  will  alao  carry 
tha  MC/DG  at  Govammant  coat.  (Ma  Kavanaugh, 
AFWAL/MLTC.AUTOVON  786-2726)  ■ 
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THE  m\  PROGRAM  REPORT 

INTEGRATED  COMPUTER-AIDED  MANUFACTURING  October  S3 


ICAM  SUCCESS  RECOGNIZED 
BY  OSD 

Two  ICAM  projects  were  recently  recognized  by  the 
Office  of  the  Secretary  of  Defense  (OSD)  as  “Top -of- 
the- Line”  Manufacturing  Technology  Success  Stories. 
The  two  projects,  “ICAM  Definition  (IDEF) 
Methodologies”  and  “ICAM  Manufacturing 
Cost/Design  Guide  (MC/DG)”,  have  been  identified  in 
numerous  applications  yielding  cost  saving  im¬ 
provements. 

The  IDEF  Methodologies  are  a  set  of  tools  which 
both  government  and  industry  personnel  can  use  to 
better  understand  and  analyze  current  manufacturing 
activities,  propose  system  design  changes  for  future 
operations  and  manage  alternatives  available  in  a 
systematic,  organized  pattern.  In  addition,  the  IDEF 
Methodologies  have  been  used  to  assess  cost  benefits 
and  risks  associated  with  the  implementation  of  new 
technology.  This  enables  managers  who  are  introduc¬ 
ing  emerging  technologies  to  optimize  their  return  on 
investment  while  avoiding  unworkable  solutions.  The 
IDEF  Methodologies,  since  their  introduction  by 
SofTech,  Inc.  in  1979,  have  been  used  on  more  than  100 
Air  Force,  Army,  Navy  and  NASA  projects.  Indepen¬ 
dent  industry  applications  have  been  reported  by 
numerous  companies  including:  Boeing  Military 
Airplane  Company,  International  Harvester,  General 
Dynamics/  Ft.  Worth,  Vought  Corporation,  General 
Electric/  Aerospace  and  Electronics  Systems  Division, 
Rockwell  International,  and  Kaiser  Aluminum.  These 
methodologies  are  currently  being  taught  as  a  part  of 
the  Industrial  Engineering  curriculum  at  Texas  A&M, 
Arizona  State  and  Purdue  Universities. 

In  summary,  the  IDEF  Methodologies  have 
emerged  as  new  management  and  analysis  techniques 
that  will  allow  managers  and  engineers  to  address 
problems  in  a  total  systems  context  and  cope  with  the 
complexity  of  change  in  the  modernization  of  today's 
manufacturing  environment. 

The  Manufacturing  Cost/Design  Guide  (MC/DG) 
was  established  by  Battelle  Columbus  Laboratories  to 
identify  the  lowest  cost  manufacturing  alternatives 
during  the  design  process.  The  MC/DG  is  a  tool  that 
enables  designers  to  conduct  quick  and  simple  design 
configuration/manufacturing  process  cost  com¬ 
parisons  based  on  industry  averaged  data. 
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More  than  two  thousand  requests  for  MC/DG 
Documents  have  been  received  and  over  six  hundred 
applications  have  been  identified  by  MC/DG  users. 
Examples  of  end  product  applications  and  sponsoring 
companies  include:  B-1B  Bomber  (Rockwell),  Ballistic 
Intercept  Missile  Concepts  (General  Research 
Corporation),  YAH-64  Advanced  Attack  Helicopter 
(Hughes),  Space  Shuttle  External  Fuel  Tanks  (Martin- 
Marietta),  Seek-Talk  Technology  Modernization 
(Hazeltine  Corporation),  M-X  Missile  Stage  4 
(Rockwell),  Liquid  Rocket  Engine  Propulsion 
Components  (Rockwell),  Computerized  Printer  (RCA), 
Advanced  Composite  Airframes  (AVRADCOM), 
Torpedoes  (Gould,  Inc.),  M-l  Tank  (A.  T.  Kearney), 
Boeing  757  and  767  Aircraft  (Boeing),  Long  Range 
Combat  Aircraft  (LRCA)  (General  Research 
Corporation),  Joint  Technology  Demonstrator  Engine 
Program  (JTDEP)  (General  Electric  Company),  and 
many  more. 

Single  applications  of  the  MC/DG  have  resulted  in 
savings  of  $50,000-375,000.  Potential  savings  across 
industry  over  the  next  few  years  are  projected  to  ex¬ 
ceed  $30  million  on  DoD  acquisitions. 

The  success  to  date  of  the  MC/DG  for  Airframes  and 
Electronics  has  exceeded  original  expectations  in 
reducing  cost  associated  with  both  designing  for 
manufacturing  and  reducing  the  designers  cost  trade¬ 
off  labor  hours  necessary  to  analyze  a  broad  range  of 
manufacturing  activities. 

The  IDEF  Methodologies  and  the  MC/DG  can  be  ob¬ 
tained  by  request  from  the  ICAM  Program  Office  or 
from  the  Defense  Technical  Information  Center. 

For  further  information  contact  the  ICAM  Project 
Manager,  Capt  R.  R.  Preston  at  (513)  255-6976. 
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Bryan  R.  Noton 

Engineering  A  Manufacturing  Technology  Department 
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Columbus,  Ohio 
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Capt.  Richard  R.  Preston 

Computer  Integrated  Manufacturing  Branch  (AFWAL/MLTC) 
Manufacturing  Technology  Division 
Air  Force  Wright  Aeronautical  Laboratories 
Dayton,  Ohio 


ABSTRACT 


An  urgent  need  exists  for  methodologies  that  can  be  used  by 
designers  to  reduce  the  cost  of  aerospace  systems.  Cost  drivers  can  be  related 
to  performance,  design,  materials,  and  manufacturing.  Manufacturing  cost  data 
are  required  for  metal  and  composite  parts  and  assemblies,  and  also  designer- 
influenced  cost  elements,  which,  for  composites,  include  hybrids,  ply  count, 
curing  method,  and  quality  requirements.  To  meet  these  needs,  a  "Manufacturing 
Cost/Design  Guide"  (MC/DG)  is  under  development.  The  designer-oriented  formats 
comparing  manufacturing  processes  have  been  used  in  trade-off  studies  of 
structural  performance  and  cost.  Examples  are  given  of  applications  of  the 
MC/DG  in  industry.  When  fully  developed,  the  MC/DG  will  be  capable  of 
indicating  potential  cost  savings  of  emerging  technologies  which  will 
accelerate  technology  transfer.  Development  of  a  guide  for  electronics  is 
also  included  as  a  task  in  this  program. 

ICAM  Industry  Days 
5-9  June  1983 
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Bat telle’ s  Columbus  Laboratories 
and 

Capt.  Richard  R.  Preston 
Computer  Integrated  Manufacturing  Branoh 
Materials  Laboratory,  WPAFB 

1 .  INTRODOCTIOM 

The  need  to  arrest  and  reduce  oosts  at  all  levels  of  the  aircraft 
system  life  cycle  is  becoming  increasingly  important.  To  meet  this  need, 
qualitative  and  quantitative  data  on  oost  drivers  for  use  in  the  design, 
manufacture,  operation,  and  maintenance  of  aircraft  systems  are  essential. 
This  is  particularly  true  because  the  reduced  number  of  newly  developed 
aircraft  types  creates  a  demand  for  improved  performance;  implying  reduced 
weight,  better  quality,  and  lower  ownership  cost,  including  decreased  energy 
consumption.  Furthermore,  performance  improvements  must  be  affordable. 

Improved  aircraft  performance  depends  upon  the  excellence  of 
engineering  design.  Affordable  aircraft  performance  depends  upon  recognizing 
cost  drivers  in  both  design  and  manufacture — avoiding  oost  drivers  in  new 
designs  and  improving  manufacturing  methods  for  existing  products.  Cost 
drivers  can  be  avoided  in  aircraft  design  by  applying  design  to  cost  (DTC) 
methods.  Likewise,  early  identification  of  cost  drivers  and  corrective  action 
in  existing  and  new  products  depends  upon  proficienoy  in  applying 
manufacturing  to  cost  (MTC)  principles.  There  is  a  need  for  proven  innovative 
manufacturing  technology  ahead  of  the  development  of  new  aerospace  systems. 

Cost  drivers  can  be  grouped  in  four  categories  of  aircraft  system 
development: 


ss 

I 


Mr.  Bryan  R.  Noton  is  the  Program  Manager,  MC/DG,  Battelle's  Columbus 
Laboratories,  505  King  Avenue,  Columbus,  Ohio  4320 1 ;  Tel.  (6 1 4 )  424-4588  or 
424-5608.  The  Air  Force  Project  Engineer  is  Capt.  Richard  R.  Preston,  Computer 
Integrated  Manufacturing  Branch  (AFWAL/MLTC) ,  Manufacturing  Technology 
Division,  Air  Force  Wright  Aeronautical  Laboratories,  Dayton,  Ohio  45433;  Tel. 
(513)  255-7371. 
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•  Performance 
e  Design 

e  Material  Seleotlon 
e  Manufacturing. 

As  examples,  oost  drivers  for  auxiliary  oomponents  are: 

e  Performance  related 

-  Reduoed  weight 

-  Higher  operating  speeds 

-  Inoreased  reliability  and  maintainability 
e  Design  related 

•  High  part  oount 

-  Nonstandardization 

-  Close  toleranoes 
e  Material  related 

-  Cost 

-  Availability 

-  Utilization 

-  Energy 

-  Inventory 

e  Manufacturing  related 

-  Inspection 

-  Equipment 

-  Cyclic  production 

-  Small  lot  sizes 

-  Job  shop  environment 

-  Highly  skilled  labor 

-  Metal  removal 

-  High  scrap  rate 

-  Deburring/hand  finishing 

-  Heat  treatment 

•  Hand  fit  up 

-  Energy  requirements. 
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Tables  1  and  2  show  the  significant  differences  between  the  design 
and  manufacturing  requirements  and,  hence,  cost  drivers,  for  low-  and  high¬ 
speed  aircraft  types. 

Individual  designers  seldom  have  the  training  or  experience  to 
conduct  structural  performance/manufacturing  cost  trade-off  studies  in  their 
daily  efforts.  Nonetheless,  today's  designers  are  rated  not  only  on  their 
ingenuity  in  meeting  weight  and  cost  objectives,  but  also  on  their  ability  to 
do  so  within  design  schedule  limitations  (Figure  1).  Design  to  lowest  cost  is 
now  a  design  discipline.  Design  teams  must,  therefore,  be  provided  with: 

e  Tools — identification  and  documentation  of  cost  drivers 
and  cost  reduction  methods  in  airframe  design  and 
manufacture. 

e  Incentives — cost  targets  against  which  performance  of 
design  personnel  can  be  measured. 

In  the  past,  the  designer  had  only  one  resource  to  determine  cost: 
the  cost  estimator.  The  cost  estimator  is  still  an  important  factor  in  the 
final  iteration  of  the  design  prior  to  production  commitment.  However,  it  is 
often  difficult  to  meet  scheduling  requirements,  and  also  consider  an  adequate 
number  of  design  alternatives,  while  ascertaining,  with  confidence,  that  the 
selected  design  is  actually  the  lowest  cost  alternative.  The  recently 
developed  ICAM  "Manufacturing  Cost/Design  Guide"  for  composite  and  metallic 
airframes  now  provides  an  unprecedented  opportunity  for  the  designer  to  study 
a  large  number  (e.g.,  ten)  of  alternative  design  configurations  for  airframe 
subassemblies  to  obtain  the  lowest  manufacturing  cost.  It  also  provides  a 
design  approach  that  meets  the  needs  described  above. 

Of  prime  importance,  use  of  the  MC/DG  leads  to  the  strong 
interaction  between  design  and  manufacturing  elements  that  is  essential  to 
achieve  the  required  advances  in  manufacturing  sophistication.  While  the  MC/DG 
will  eventually  be  applicable  at  all  levels  of  the  design  process,  the 
importance  of  the  preliminary  design  phase,  the  "window  of  opportunity",  needs 
to  be  emphasized.  Figure  2,  shows  the  cost  importance  of  decisions  and  of  the 
number  of  decisions  as  a  function  of  time.  The  impacts  are  much  greater  in  the 
early  stages.  Figure  3  illustrates  the  application  of  the  MC/DG  from  airframe 
concept  development  through  ooneept  selection. 
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COST 

IMPACT 

or 

DECISION 

NUMBER 

Of 

DECISIONS 


IMPACT  OF  DECISIONS  ON  COST 


PERFORMANCE  REQUIREMENTS  PRODUL.  DECISIONS 
i  CONFIGURATION 
V  MATERIAL  SELECTION 
\  MAJOR  COMPONENTS 
\  SYSTEMS  INTEGRATION 
\  AVIONICS 

\  SUPPORT  REQUIREMENTS  PRODUCTION  DECISIONS 
\  MARE  OR  BUY 


PRODUCTION  PLAN 
V  FACILITY/EQUIPMENT 

PROOUCIBILITY  PLAN 
TOOLING  POLICY 

PROGRAM  CONTROLS  MANAGEMENT  CONTROLS 
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PRODUCTION  PLANNING  COST/SCHCDULE  CONTROLS 

.  TOOL  design/fabrication 

II  METHODS  IMPROVEMENTS 


PRE-PROPOSAl  AND  PROPOSAL  DESIGN  PHASE  PLANNING/TOOLING  PHASE  MANUFACTURING 


FIGURE  2. 


AIRFRAME  TRADE-OFF  STUDY  FLOW  DIAGRAM 


COST  AND  WT 


COSTAVT  TRADES 


2.  OBJECTIVES  OP  DESIGH  GUIDE 
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The  objectives  of  the  MC/DG  are  to: 


•  Provide  designers  with  urgently  needed,  quick,  simple, 
and  quantitative  cost  comparisons  of  manufacturing 
processes. 

•  Emphasize  design  orientation  in  formats  and 
manufacturing  man-hour  data  for  use  at  all  phases  of 
the  design  process,  i.e.,  preliminary  and  detail 
design,  therefore  increasing  the  emphasis  on  cost  as  a 
vital  parameter. 

•  Enable  designers  to  conduct  more  extensive  manufactur¬ 
ing  cost  trade-offs  for  airframe  components  and  aero¬ 
space  electronics  fabrication  and  assembly. 

•  Emphasize  potential  cost  advantages  of  emerging 
materials  and  manufacturing  methods,  accelerating  the 
transfer  of  these  technologies  to  production  hardware. 

•  Guide  the  designer  to  the  lowest  cost  manufacturing 
processes  early  in  the  design  phase  to  avoid  cost 
drivers. 

•  Identify  cost  driving  manufacturing  operational  se¬ 
quences  which  provide  targets  for  future  computer-aided 
manufacturing  (CAM)  efforts. 


The  contents  of  the  MC/DG  for  airframes  are  shown  in  Table  3»  A  guide 
for  electronics  is  also  under  development  and  the  contents  are  shown  in  Table  4. 


3.  MC/DG  PROGRAM  ORGANIZATION 


The  MC/DG  Data  Development  program  is  administered  under  the 
technical  direction  of  Capt.  Richard  R.  Preston,  Computer  Integrated 
Manufacturing  Branch,  Manufacturing  Technology  Division,  Materials  Laboratory 
(AFWAL/MLTC) . 

Battelle's  Columbus  Laboratories  (BCL)  is  the  prime  contractor.  The 
Program  Manager  at  BCL  is  Mr.  Bryan  R.  Noton.  The  effort  is  supported  by  a 
team  comprising  the  following  airframe  and  electronic  industry  subcontractors: 
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TABLE  3. 


MC/DG  VOLUME  CONTENTS: 
MANUFACTURING  TECHNOLOGIES  FOR  AIRFRAMES 


1 

II 

III 

IV 

V 

VI 

PROCURED 
ITEM  COSTS 

MATERIAL 

REMOVAL 

COSTS 

DETAIL 

FABRICATION 

COSTS 

MATERIAL 

TREATMENT 

COSTS 

COSTS 

TEST, 

INSPECTION, 
AND  EVALUA¬ 
TION  COSTS 

EXTRUSIONS 

CASTINGS 

MACHINING 

(UNOER 

DEVELOPMENT) 

SHEET  METAL 

COMPOSITES 

HEAT 

TREATMENT 

METALLIC 

ASSY. 

SHEET  METAL 

ASSEMBLY 

FORGINGS 

SURFACE 

TREATMENT 

NON- 

METALLIC 

ASSY. 

CASTINGS 

FORGINGS 

’MAJOR  AND 

FIN^'. 

ASSEt.  _'UY 

MACHINING 

COMPOSITES 

CATEGORIES  =  PROCURED  ITEM  COSTS.  ETC. 
SECTIONS  =  FORGINGS.  ETC. 

SUBSECTIONS  *  MACHINING.  ETC. 


TABLS  A. 

MC/DG  VOLUME  CONTENTS: 
MANUFACTURING  TECHNOLOGIES  FOR  ELECTRONICS 


1 

II 

III 

IV 

PROCURED 

ITEMS 

DETAIL 

FABRICATION 

TUT,  INSPECTION, 
AND  EVALUATION 
(TIAE) 

SCHEMATIC  PARTS 

METALLICS 

MECHANICAL 

HYBRIDS 

CARD/MODULE  LEVEL 

ASSEMBLY 

TEST 

interconnect 

NON-METALLICS 

COMPONENT 

CHASSIS  ASSEMBLY 

PARTS 

ASSEMBLY  (PRE- 

BURN-IN/SCREENING 

WAVE  AND  POST- 

FINAL  EQUIPMENT 

TEST 

SURFACE 

WAVE) 

ASSEMBLY 

HARDWARE 

TREATMENT 

CLEANING 

POST-ASSEMBLY 

DEVICE/EQUIPMENT 

TEST 

FABRICATED  PARTS 

COATINGS 

SOLDERING 

PROCESSES 

SHEET  METAL/ 

POTTING 

1 

MARKING 

STANDOFF 

ASSEMBLY  (HARD 
WIRING) 

ADHESIVES 

CABLE/WIRE 

HARNESS8  ASSEMBLY 
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Airframe/Avionic  Company 


Program  Managers 


General  Dynamics  Corporation, 
Fort  Worth  Division 


P.M.  Bunting 
B.E.  Kaminski 


Grumman  Aerospace  Corporation 


V.T.  Padden 
A.J.  Tornabe 


Honeywell,  Incorporated 


R.  Remski 


Lockheed-California  Company 


A.J.  Pillera 
J.F.  Workman 


Northrop  Corporation,  Aircraft  Group  J.R.  Hendel 

A.P.  Langlois 

Rockwell  International  Corporation,  R.A.  Anderson 

North  American  Aircraft  Operations 

Rockwell  International  Corporation,  J.G.  Vecellio 

Collins  Avionics  Division 


The  Boeing  Commercial  Airplane  Company  also  participated  in  the  first  two 
MC/DG  contracts.  Mr.  R.  H.  Hammer,  Mr.  David  Weiss,  and  Mr.  Peter  H.  Bain  were 
the  Program  Managers  at  Boeing  during  these  phases. 

The  team  approach  to  development  of  manufacturing  cost  data  offers 
several  important  advantages.  Principally,  this  approach: 


•  Provides  data  for  a  cross  section  of  small  and  large 
aircraft  for  the  entire  industry;  both  military  and 
commercial . 

•  Assures  interface  with  all  levels  of  designers. 
Industry  has  therefore  utilized  the  MC/DG  rapidly  in 
the  design  process. 

•  Draws  on  each  company’s  expertise,  making  results  more 

viable.  Expertise  and  installed  manufacturing 

facilities  vary  across  industry. 

•  Provides  a  broad  base  from  which  to  collect  and  develop 
data. 

•  Provides  the  required  base  for  deriving  average 
industry  data  (which  cannot  be  achieved  without  the 
team  approach). 
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•  Lends  credibility  to  data  and  formats  for  designer  use, 
as  compared  to  the  parochial  point  of  view  of  a  single 
company . 

•  Provides  a  broad  base  for  utilizing  the  results  of  DoD 
manufacturing  technology  (MT)  programs  to  reduce 
acquisition  cost. 


jU  GROUND  ROLES  FOR  DATA  DEVELOPMENT 

To  promote  understanding  and  ensure  consistency,  uniformity,  and 
accuracy  in  generating  and  integrating  data  into  the  formats,  the  team 
developed  general  and  detailed  ground  rules  for  each  MC/DG  section.  Major 
groupings  of  ground  rules  are: 


(a)  Definition  of  Aerospace  Discrete  Parts 

(b)  Material  Selection 

(c)  Manufacturing  Methods 

(d)  Facilities  Required 

(e)  Data  Generation— Recurring  Costs 

(f)  Data  Generation— Nonrecurring  Costs 

(g)  Support  Function  Modifiers. 

5.  AIRFRAME  PART  DEFIHITIOlfS 

For  determining  manufacturing  man-hours  (composites  selected),  the 
MC/DG  subdivides  airframe  parts  as  follows: 


1.  Base  Part :  A  part  in  its  simplest  geometric  form, 

i.e.,  without  complexities  such  as  strip-plies, 

cutouts,  and  doublers. 

2.  Designer-Influenced  Cost  Elements  (DICE):  Includes 

strip-plies,  cutouts,  doublers,  and  special  toler¬ 
ances  that  add  cost  through  the  increased  fabrication 
operations  and  tooling  required  over  the  standard 
manufacturing  method  for  the  base  part. 

3.  Detailed  or  Discrete  Parts:  A  distinct  airframe 

structural  part  which  may  incorporate  complexities, 
e.g.,  a  base  part  plus  DICE,  ready  for  assembly  to 
perform  its  required  function  in  the  airframe. 
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The  MC/DG  man-hour  information  is  presented  in  basically  three 
forms:  the  lowest  cost  processes  for  the  designer;  manufacturing  methods  for 
multiple  discrete  parts;  and  multiple  manufacturing  methods  for  single 
discrete  parts.  This  leads  to  the  building-block  approaoh  illustrated  in 
Figure 


6.  MAMPFiCTPRIHC  COST  DRIVERS 
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To  develop  this  model,  with  a  seetion-by-seotion  layout  of  the  MC/DG 
for  airframes,  it  was  necessary  to  identify  the  cost  drivers  for  each 
conventional  and  emerging  manufacturing  technology  included  in  the  list  of 
contents,  Table  3. 

The  following  are  examples  of  cost  drivers  in  typical  fabrication 

processes: 


Forgings 

•  Forging  process 

•  Material 

•  Quality  requirements 

-  Tolerances 

-  Metallurgical  properties 

-  NDI/NDE 

•  Quantity,  lead  time,  and  lot  releases 

•  Complexity 

•  Size 
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Casting 

•  Casting  process 

•  Material 

•  Quality  requirements 

-  Tolerances  and  surface  texture 

-  Metallurgical  properties 

-  NDI/NDE 

•  Quantity 
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UTILIZATION  OF  DATA  IN  SHEET  METAL 
DISCRETE  PART  AND  MECHANICALLY 
FASTENED  ASSEMBLY  SECTIONS 


STRUCTURAL  ASSEMBLY 
WITH  SHEET  METAL 
PARTS  JOINED  BY 
MECHANICAL  FASTENING 

PANELS 


> 


UTILIZE  DATA  AND 
FORMATS  DEVELOPED 


TRADE  OFF  BETWEEN 
VARIOUS  SHEET  METAL 
CONFIGURATIONS 

L~LnjTJl 


LINEAR  SHAPES 


MATERIAL  TYPE 


PART  CONFIGURATION 


BASE  PART 
FLAT 

FLAT,  FLANGED 
SINGLE  CONTOUR 
COMPOUND  CONTOUR 


DICE 

BEADS 

LIGHTENING  HOLES 
CUTOUTS 
SPECIAL  TRIM 
HEAT  TREAT 
OTHER 


FORMING  METHODS 


■  ADDITIONAL  PROCESSES 


TOOLING 


EMERGING 

TECHNOLOGIES 


SELECTED 
REPRESENTATIVE 
FORMED  METAL 
PARTS  -  ASSEMBLED 
AND  JOINED 
1ST  ORDER  OF  ASSY. 
FASTENERS 


TRADE-OFF 
COMPARATIVE  COSTS 
FOR 

STRUCTURAL 

ASSEMBLIES 


ASSEMBLY 


JOINING 

FASTENERS 


SPECIAL 

TOOLING 


ADDITIONAL 
PROCESSES 
AS  REQUIRED 


MATERIAL  TYPE 


PART  CONFIGURATION 


BASE  PART 
STRAIGHT 
SINGLE  CONTOUR 
•COMPOUND  CONTOUR 
•TWIST 

DICE 

JOGGLES 

LIGHTENING  HOLES 
SPECIAL  TRIM 
HEAT  TREAT 
OTHER 


FORMING  METHODS 


ADDITIONAL  PROCESSES! 


TOOLING 


EMERGING 

TECHNOLOGIES 


FIGURE  4.  BUILDING- BLOCK  APPROACH  OF  MC/DG 
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•  Complexity 

•  Size 

•  Subsequent  machining 

Mechanical  Fastening 

•  Accessibility 

•  Jigging  requirements 

•  Sequencing  requirements 

•  Materials  joined 

•  Sealing 

•  Quantity 

•  Stack-up  of  parts 

•  Number  of  parts 

•  Number  and  types  of  fasteners 

-  Hand  rivets 

-  Drivematic  rivets 

-  Threaded  fasteners 
e  Tolerances 

e  Assembly  size 

Surface  Treatment 
e  Surface  preparation 
e  Size 
e  Complexity 
e  Energy  requirements 
e  Quantity 
e  Materials 
e  Tolerances 

Advanced  Composite  Fabrication 
e  Fiber  types 
e  Fiber  mix  (hybrids) 
e  Resin  systems 
e  Part  type  and  function 
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•  Part  size 

•  Number  of  plies 

•  Overlaps 

•  Gaps 

•  Lot  size 

•  Automatic  versus  manual  lamination 

•  Curing  method 

•  Facility  requirements 

•  Tooling  ooncepts 

•  Quality  requirements 

Sheet  Metal  Forming 

•  Material  type  (formability) 
e  Complexity  of  configuration 
e  Size 

e  Tolerances 
e  Quantity 
e  Heat-treatment 
e  Inspection. 

Based  on  these  cost  drivers,  data  requirements  were  specified  for 
subsequent  development  of  the  designer-oriented  formats  to  present  cost  and 
man-hour  data.  Examples  of  these  formats  are  shown  in  Figures  5  to  7. 


7.  METHODOLOGIES  FOR  PRESENTING  DATA  TO  DESIGNERS 


The  MC/DG  presents  manufacturing  cost  data  to  designers  in  terms  of: 


e  Cost  Driver  Effects  (CDE) 
e  Cost  Estimating  Data  (CED). 

The  objectives  of  the  CDE  and  CED  methodologies  are  to  provide: 
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Fully  Cured  Recurring  Cot* Mon  HOw't  ^#*»L*ng*n  -  »* 

For  "B"  Srogea  Recu'nng  Cov, 

Multiply  by  X 


See  Ground  Rules  for  Lirmtotions  and  Cowtiderotignt 


COMPOSITE  HAT  SECTION  TOTAL  NONRECURRING 


TOOLING  COST/  PART 


FIGURE  6. 


Part  Length  ~  Ft 


CUTOUT-HOLE  RECURRING  COST/DETAIL 


FIGURE  7. 
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Diameter  -  In 
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•  A  simple  approach  for  designer  use  of  for¬ 
matted  data  to  achieve  lower  fabrication 
oosts:  both  CDE  and  CED. 

e  Qualitative  cost  guldanoe  while  developing 
low  cost  design  configuration  alterna¬ 
tives  for  parts  and  assemblies:  CDE 

e  The  designer  with  the  capability  of 
performing  trade-offs  to  estimate  actual 
fabrication  man-hours  or  costs:  CED. 
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DIRECTION 


COMPARISON 


COST 


Thus,  the  CDE  and  CED  methodologies  oan  provide  the  designer  with 
guidance  for  obtaining  lower  manufacturing  oosts  at  the  preliminary  and  detail 
design  phases: 


e  Cost-Driver  Effects  (CDE)  provide  qualitative  guidance, 
e  Cost-Estimating  Data  (CED)  provide  quantitative  results. 

The  CDE  approach  enables  designers  to:v 

e  Identify  the  intensive  cost  drivers  that  increase  the 
manufacturing  cost  of  the  design 

e  Determine  the  relative  effects  of  cost  drivers  over  which 
they  have  control 

e  Reduce  the  impact  of  the  cost  drivers. 

8.  FORMAT  DEVELOPMENT  CRITERIA 

The  BCL  industry  team  developed  the  MC/DG  formats  to  meet  the 
following  criteria: 


•  Emphasize  cost  drivers 
e  Be  simple  to  use 

•  Use  designer  language 

•  Instill  confidence 

•  Be  economical 
e  Be  accessible 

e  Be  maintainable. 
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An  overview  selection  aid  indicating  the  seotions  available  in  the 
guide  is  shown  in  Figure  8.  An  example  of  a  format  selection  aid  for  a 
specific  section  (oomposites)  in  the  MC/DG  is  shown  in  Figure  9. 

9.  PROCEDURE  TO  OOHDDCT  AIRFRAME  TRADE-OFF  STUDIES  PTILIZIHC  HC/DG 


The  MC/DG  will  point  designers  to  the  lowest  oost  structural  part  or 
configuration  meeting  the  other  design  objectives,  which  may  include: 


Strength  and  stiffness 
Minimum  weight 

Elevated  temperature  performance 

Fatigue  strength 

Damage  tolerance 

Low  maintenance 

Crashworthiness 

Corrosion  resistance 

Ease  of  repair. 


To  accomplish  this,  the  designer  can  use  the  following  procedure  to 
conduct  manufacturing  cost  trade-off  studies: 


(a)  Develop  concepts  (Figure  10),  which,  in  the  case  of  a 
fuselage  panel,  requires  determining  the: 

-  Material 

-  Skin  panel  sizing 

-  Frame  shapes 

-  Number  of  frames 

-  Stringer  shapes 

-  Number  of  stringers 

-  Joining  methods,  e.g. ,  bonding  versus  rivets 

-  Candidate  manufacturing  methods  for  each  discrete 
part  in  the  assembly. 

(b)  Determine  manufacturing  costs  for  each  panel 
configuration. 

(c)  Determine  assembly  cost  for  each  configuration. 
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FORMAT  SELECTION  AID 
MECHANICALLY  FASTENED  ASSEMBLIES 
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SINGLE  CURVATURE  PANELS 

CONCEPT  NO,  DESCRIPTION 

1  UNSTIFFENED  SKIN 

2  2  STRINGERS 

3S  1  STRINGER,  2  FRAMES 

4  3  FRAMES 

5  3  FRAMES  WITH  CUTOUTS 


COMPOUND  CURVATURE,  TAPERED  WIDTH  PANEL 


CONCEPT  NO. 
3C 


FIGURE  10.  EXAMPLES  OF  CANDIDATE  AIRFRAME  CONCEPTS  FOR  AN  ALUMINUM  FUSELAGE  PANEL 
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(d)  Determine  test,  inspection,  and  evaluation  (TI&E) 
costs. 

(e)  Determine  total  manufacturing  costs,  which  include 
materials  and  tooling. 

(f)  Determine  weight  of  each  panel  assembly. 

(g)  Present  manufacturing  man-hours  or  costs  and  struc¬ 
tural  weight  in  summary  tables  and,  if  appropriate, 
on  design  charts  that,  for  example,  show  structural 
weight  on  the  ordinate  versus  manufacturing  cost  on 
the  abscissa. 


The  designer  and  management  selects  the  optimum  structure  (discrete 
part,  subassembly,  or  assembly)  with  respect  to  structural  weight,  other 
design  factors,  and  manufacturing  costs.  If  a  manufacturing  facility  is 
committed  for  the  manufacture  of  other  components,  or  if  a  facility  is  not 
available,  decisions  to  procure  parts  from  other  sources  or  to  utilize  a 
substitute,  but  higher  cost  method,  can  be  made  quickly. 

In  following  this  procedure,  the  designer,  once  having  developed 
candidate  structural  configurations  to  meet  all  design  requirements,  such  as 
those  listed  above,  utilizes  the  MC/DG.  The  following  steps  are  typical  of 
those  taken  to  arrive  at  an  airframe  design  with  the  lowest  manufacturing 
cost : 


Step  1:  Select  materials  that  meet  corrosion,  elevated 

temperature,  and  other  requirements,  and  review 
the  section  ground  rules  for  those  materials, 
e.g.,  titanium  sheet  metal  or  carbon/epoxy. 

Step  2:  Review  the  MC/DG  ground  rules  for  the  discrete 

parts  and  assemblies  to  be  analyzed. 

Step  3?  Record  on  the  designer's  worksheet,  the  Concept 
No.,  Part  No.,  description,  labor  rate,  number 
of  parts  per  aircraft,  design  quantity,  and 
date.  Use  one  worksheet  for  each  part  when 
conducting  the  trade-off  between  parts  or  a 
separate  worksheet  for  each  subassembly. 
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Using  the  MC/DG  overview  selection  aid,  select 
MC/DG  sections  representing  the  pertinent 
material  types  and/or  joining  methods,  e.g., 
sheet  metal  or  mechanically  fastened  assem¬ 
blies. 

Study  the  selection  aid  for  each  MC/DG  section 
to  be  used.  The  selection  aid  will  indicate  the 
CDE  formats,  CED  formats  for  the  manufacturing 
methods,  and  also  the  test,  inspection,  and 
evaluation  (TI&E)  methods  for  the  materials  and 
parts  analyzed  in  the  MC/DG  in  accordance  with 
the  ground  rules. 

Review  CDE  formats  providing  relative  cost 
information  for  the  materials,  parts,  and  as¬ 
semblies  being  analyzed.  These  CDE  formats  will 
provide  qualitative  information  leading  to  the 
lowest  cost. 

Utilize  the  format  selection  aid  to  determine 
the  lowest  cost  manufacturing  process  and 
select  the  format  to  use.  Selection  aids  and 
utilization  examples  precede  the  formats. 

Study  CED  formats  for  the  base  parts  and  any 
required  Designer-Influenced  Cost  Elements 
(DICE)  using  the  required  dimensions,  e.g., 
length  for  stringers  or  area  for  panels.  Note 
on  the  designer's  worksheet  the  total  labor 
man-hours/part  (including  applicable  DICE)  for 
each  discrete  part  in  the  assembly. 

Check  for  applicable  DICE.  The  format  will 
indicate  which  DICE  are  applicable  and  in  some 
cases  DICE  will  be  incorporated  in  the 
manufacturing  methods  for  the  base  part. 

Apply  the  learning  curve  tables  in  the  MC/DG  as 
required.  The  manufacturing  man-hours  figure 
for  each  part  and  assembly  in  the  MC/DG  is  the 
average  value  for  the  aerospace  industry.  In 
most  cases,  the  average  value  will  be 
sufficiently  accurate  for  comparisons  between 
candidate  concepts  meeting  the  design 
requirements.  However,  when  a  company  considers 
it  has  greater  or  less  experience  than  the 
industry  average,  or  if  the  quantity  is  greater 
or  less  than  the  200th  unit  analyzed  in  the 
MC/DG  in  accordance  with  the  ground  rules,  the 
learning  curve  tables  may  be  required. 
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Step  1 1 :  From  the  CED  chart  selected,  read  the  value 
(man-hours)  for  the  nonrecurring  tooling  costs 
(NRTC).  Note  again  that  these  values  are  for 
200  parts  or  assemblies.  Record  the  man-hours 
per  part  on  the  designer's  worksheet. 

Step  12:  Record  the  current  manufacturing  labor  rate, 
including  direct  labor  fringe  benefits  and 
overhead  charges,  on  the  designer's  worksheet. 

Step  13=  Using  the  same  procedure  as  for  manufacturing 
methods,  determine  TI4E  man-hours  from  that 
section  of  the  MC/DG  and  record  the  TI4E  recur¬ 
ring  and  nonrecurring  tooling  oosts  on  the  de¬ 
signer's  worksheet. 

Step  1*1 :  Insert  cost  of  materials  based  on  furnished 

data  and  enter  material  costs  per  part  in 
dollars  on  the  designer's  worksheet. 

Step  15:  Consult  instructions  accompanying  the  de¬ 
signer's  worksheet  to  determine  aerospace 
vehicle  program  cost  for  the  discrete  part  and 
assembly. 

Step  16:  Compare  results  from  the  designer's  worksheets 
for  each  part  and/or  subassembly  and,  if 
desired,  enter  on  a  diagram  (graph)  showing 
weight  versus  manufacturing  cost  and  compare 
each  concept.  In  the  case  of  a  supersonic 
aircraft,  management  and  the  customer  may  elect 
to  sacrifice  some  manufacturing  cost  for 
improved  performance  and,  in  the  case  of  a  low- 
speed  aircraft,  to  sacrifice  some  performance 
for  lower  manufacturing  cost. 


Using  this  procedure,  the  designer  will  have  compared  different 
design  concepts,  possibly  using  different  materials,  e.g.,  sheet  metal  versus 
composites  or  castings  versus  a  built-up  metal  assembly.  With  each  analysis 
conducted  in  accordance  with  the  same  general  ground  rules,  e.g.,  lot  sizes, 
design  quantity,  etc.,  the  designer  and  management  can  be  confident  in  the 
results. 
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10.  COST  WORKSHEET  FOR  AIRFRAME  DESIGNERS 


Airframe  designers  oan  utilize  the  MC/DG  data  in  a  number  of  ways. 
The  Cost  Worksheet  shown  in  Table  5,  developed  for  determining  the  total  cost 
of  an  aircraft  subassembly,  can  be  used  at  the  discretion  of  the  designer.  The 
designer  can  determine  the  program  recurring  and  nonrecurring  costs  and  also 
the  cost  per  aircraft.  Instructions  for  utilizing  this  worksheet  are  shown  in 
Table  6. 


TABLE  5. 

MC/DG  COST  WORKSHEET 
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TABLE  6.  INSTRUCTIONS  FOR  USING  MC/DG  COST  WORKSHEET 


Worksheet 

Column  Input 

Part  no. 

Description 

1  Manufacturing  labor 

2  Learning  curve  (LC)  factor 

3  TI4E  labor 

it  Labor  rate 

5  Labor  recurring  costs  (RC) 

6  Material  cost 

7  Recurring  cost  (RC)  per  part 

8  Parts  per  aircraft 

9  Design  quantity 

10  Program  recurring  cost  (RC) 

11  Nonrecurring  tooling  cost 
(NRTC)  for  part/assembly 

12  NRTC  for  TI4E 

13  Labor  rate 

14  Program  nonrecurring  tooling 
costs  (NRTC) 

15  Program  cost 

16  Design  quantity 

17  Cost  per  aircraft 


Procedure 


Enter  identification,  if  available. 

Enter  brief  description,  e.g.,  stiffener, 

Z  4  J  sections,  etc. 

Enter  man-hours  per  part  at  200  units 
determined  from  CED  format. 

Enter  LC  factor  based  upon  learning  curve 
percentage  and  design  quantity.  Factor 
provided  by  user  company. 

From  MC/DG,  enter  RC  for  TI4E  (man-hours). 

Enter  current  manufacturing  labor  rate, 
including  direct  labor  fringe  benefits  and 
overhead  charges. 

Enter  the  product  of  Column  1  times  Column 
2  plus  Column  3  times  Column  4. 

Based  upon  furnished  data  in  company 
utilizing  MC/DG  enter  material  cost  per 
part  in  dollars. 

Total  of  columns  5  and  6. 

Enter  number  of  identical  parts  per 
aerospace  system. 

Enter  number  of  aerospace  systems  in  buy 
considered. 

Enter  the  product  of  Column  7  times  Column 
8  times  Column  9. 

From  MC/DG  enter  NRTC  in  man-hours. 

From  MC/DG,  enter  NRTC  for  TI4E  in  man¬ 
hours. 

See  Column  3. 

Enter  the  product  of  Column  13  times  the 
total  of  Column  11  and  12. 

Enter  the  sum  of  Column  10  and  Column  14. 

See  Column  9. 

Enter  the  quotient  of  Column  15  divided  by 
Column  16. 
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11.  DESIGN  GUIDE  COMPUTERIZATION 


Computerization  of  the  cost  data  and  formats  obviously  represents  a 
very  important  step  in  the  creation  of  a  tool  that  will  make  manufacturing 
costs  associated  with  various  design  solutions  quickly  visible  to  the  design 
engineer.  A  sister  program  has  therefore  been  funded  by  the  Integrated 
Computer-Aided  Manufacturing  Branch  (ICAM)  of  the  Materials  Laboratory,  Air 
Force  Wright  Aeronautical  Laboratories  (AFWAL),  to  develop  an  automated 
system— the  Manufacturing  Cost/Design  System  (MC/DS).  The  prime  contractor  for 
the  MC/DS  is  Grumman  Aerospace  Corporation.  This  company  is  supported  by 
Rockwell  International,  Northrop,  Vought,  Bell  Helicopter,  Control  Data,  and 
SofTech,  Inc. 

Designers  will  also  be  able  to  use  the  computerized  MC/DG,  the 

MC/DS,  to: 

e  Determine  impacts  of 

-  Material  price  fluctuations 

-  Learning  curve  base,  e.g.,  aircraft  quantity  ordered 

-  Lot  sizes  other  than  the  detailed  ground  rule  of  25 

-  Labor  rate  increases 

•  Retrieve  earlier  design  trade-off  data  in  a  readily 
usable  and  recognized  form 

•  Extrapolate  and  interpolate  dimensional  data  for  part 
and  assembly  manufacture. 

Without  the  computer,  designers  find  evaluation  of  sometimes 
critical  information  of  this  type  to  be  time-consuming,  intricate,  and 
bothersome. 
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12.  EXAMPLES  OP  TRANSITIONING  MC/DG  DATA  in  DESIGH  PROCESS  TODAY 


•  MX-missile  stage  4  composite  door 

-  10  concepts  studied  in  8  hours 

-  Normal  procedure  requires  40  hours 

-  Cost/weight  effective  design  easily  selected 

•  composite,  titanium,  and  aluminum  fuselage  shear  panels 

-  4  simple  calculations  required  for  eaoh  conoept 

-  20  to  40  calculations  normally  required 

-  Young  engineering  graduate  designed  aluminum  panels 

e  Procurement  of  B-1B  castings  and  forgings 

-  Provides  procurement  with  cost  driver  guidance 

-  Improves  interaction  with  vendors 

-  Leads  to  cost  savings  for  prime  oontraotor  and 
customer. 


13-  POTENTIAL  APPLICATIONS  OF  MC/PC 


Through  this  development  effort,  industry  has  identified  a  range  of 
potential  MC/DG  uses.  The  MC/DG  can  be  used: 


e  As  a  working  referenoe  for  evaluating  the  impact  of 
engineering  changes  at  various  phases  of  system 
development 

e  For  decisions  on  process  alternatives  based  on  costs  of 
process  routing  and  assembly  techniques 

e  For  use  in  various  manufaoturing-engineering  operations 
to  meet  producibility  requirements  and  to  reduce  cost 

e  As  an  authoritative  standard  and  referenoe  for  cost  and 
design  information  and  for  guidanoe  in  component  design 
and  fabrication 

e  As  an  aid  in  understanding  cost  implications  of  new 
manufacturing  processes 

e  For  estimating  oosts  of  group  technology  part  families 
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•  To  guide  planning  of  upgraded,  computer-integrated 
manufacturing  facilities  within  a  speoifio  capitaliza¬ 
tion  program. 

e  To  design  new  products  to  help  meet  cost  objectives 

e  To  conduct  value  analysis  of  manufacturing  methods 

e  As  a  baseline  for  CAD/CAM  Implementation,  construction 
cost  trade-offs,  and  component  ranking 

e  For  design/manufacturlng/oost  reduction  and  produotion- 
readiness  reviews;  from  proposal  to  production 

e  To  familiarize  the  organization  with  the  oharaoter  of 
interaction  between  design  and  manufacturing. 


v 

,v 
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It.  POTENTIAL  COST  3AVI1GS 


e  MC/DG  oan  reduce  airframe  acquisition  oosts  by  2  to  5 
percent. 

e  On  a  supersonic  attack/ fighter  costing  $14M,  the 
estimated  airframe  cost  is  30  peroent. 

e  The  estimated  program  savings  would  be: 


Number  of  Aircraft: 

1 

100 

300 

500 

2  percent  reduction: 

$84,000 

$8.4M 

$25. 2M 

$42M 

Equivalent  airframes: 

2 

6 

10 

5  percent  reduction: 

$210,000 

$21M 

$63M 

$105M 

Equivalent  airframes: 

5 

15 

25. 

1 


I 
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Summarizing,  the  MC/DG  oan  benefit  industry  in  many  ways.  It's  use: 

e  Influences  design  decisions 

e  Emphasizes  application  of  low-cost  processes 

e  Provides  qualitative/quantitative  manufacturing  cost 
data 

e  Imparts  senior  designer  experience  on  new  engineers 

e  Provides  direct  feedback  on  manufacturing  cost  impacts 

e  Bridges  CAD  and  CAM  by  fostering  design/manufacturing 
interaction 

e  Allows  design  trade-offs  with  known  manufacturing  oost 
impacts 

e  Provides  immediate  feedback  on  the  cost  impact  of  a 
documentation  change  notice. 

The  ICAM  MC/DG  payoff  on  return  of  investment  is  cumulative  on  all 
electronic  and  airframe  subassemblies  and  systems;  Army,  Navy,  and  Air  Force. 


DEPARTMENT  OF  DEFENSE 

1982  MANUFACTURING  TECHNOLOGY  ADVISORY  GROUP  CONFERENCE 


TTD450260000 
12  Sept  1984 


AIR  FORCE  ICAM  "MANUFACTURING  COST/DESIGN  GUIDE"  (MC/DG) 

FOR  AIRFRAMES 

Bryan  R.  Noton* 

Battelle's  Columbus  Laboratories 
Columbus,  OH 

ABSTRACT 


A  study  of  design/manufacturing  Interaction  reveals  the  need 
for  design  methodologies  to  reduce  aerospace  systems  cost.  Cost-driver 
identification  related  to  performance,  design,  materials,  and  manufactur¬ 
ing  reinforces  the  importance  of  the  preliminary  design  phase.  Data  are 
required  on  designer-influenced  cost  elements,  for  example,  with  compo¬ 
sites  these  are,  hybrids,  ply  count,  curing  method,  and  quality  require¬ 
ments.  A  "Manufacturing  Cost/Design  Guide"  (MC/DG)  for  composite  and 
metallic  airframes  is  reviewed.  The  utilization  of  MC/DG  designer-ori¬ 
ented  formats  for  manufacturing  processes  in  trade-studies  involving 
structural  performance  is  shown.  The  MC/DG  can,  when  fully  developed, 
also  indicate  potential  cost  savings  of  emerging  technologies  which 
will  accelerate  technology  transfer. 


INTRODUCTION 


The  need  to  arrest  and  reduce  costs  at  all  levels  of  the  air¬ 
craft  system  life-cycle  is  becoming  increasingly  important.  Qualitative 
and  quantitative  data  on  cost-drivers  useful  during  the  design,  manufac¬ 
ture,  operation,  and  maintenance  of  aircraft  systems,  are  essential.  This 
is  particularly  so,  because  the  reduction  of  newly  developed  aircraft  type6 
has  required  a  need  for  Increased  performance;  implying  reduced  weight, 
better  quality,  lower  ownership  cost,  including  lower  energy  consumption. 
Performance  must  be  provided  which  is  affordable. 

Increased  aircraft  performance  depends  upon  the  excellence  of 
engineering  design.  Affordable  aircraft  performance  depends  upon  manu¬ 
facturing  technology  recognizing  cost-drivers,  in  both  design  and  manu¬ 
facture-avoiding  cost-drivers  in  new  designs,  and  by  improving  manufac¬ 
turing  methods  for  existing  products.  Cost-drivers  can  be  avoided  in 
aircraft  design  by  design-to-cost  (DTC) .  Early  identification  of  cost- 

*Frogram  Manager,  MC/DG,  Battelle's  Columbus  Laboratories,  505  King  Avenue, 
Columbus,  Ohio  43201;  (614)  424-4588  or  424-5608.  Air  Force  Project  Engi¬ 
neer  is  Capt.  Richard  R.  Preston,  AFWAL/MLTC.  Contract  No.  F33615-79-C-5102. 
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drivers  and  corrective  action  in  existing  and  new  products  depends  upon 
proficiency  in  jnanufacturing-to-cost  (MTC) .  There  is  a  need  for  proven 
innovative  manufacturing  technology  ahead  of  the  aerospace  systems  design 
phases. 

Cost-drivers  can  be  grouped  in  various  categories  of  aircraft 
system  development,  such  as: 

•  Performance  •  Material  selection 

•  Design  •  Manufacturing. 

To  provide  examples,  the  cost-drivers  for  auxiliary  components 
are  listed  below: 

•  Performance  related  • 

-  Reduced  weight 

-  Higher  operating  speeds 

-  Increased  reliability 
and  maintainability 

•  Design  related 

-  High  part-count 

-  Nonstandardization 

-  Tight  tolerances 

•  Material  related 

-  Cost 

-  Availability 

-  Utilization 

-  Energy 
Inventory 

The  individual  designer  has  seldom  been  trained  or  has  the 
experience  to  conduct  structural  performance/manufacturing  cost  trade- 
studies  in  his  daily  efforts.  However,  today  the  designer  is  rated  not 
only  on  his  ingenuity  to  meet  the  weight  and  cost  objectives  but  also 
to  achieve  this  within  design  schedule  limitations  (Figure  1).  Design- 
to  -lowest  cost  is  now  a  design  discipline.  However,  Tables  1  &  2  show  the 
significant  differences  between  aircraft  types.  Design  teams  must  there¬ 
fore  be  provided  with: 

e  Tools 

-  Identification  and  documentation  of  cost-drivers 
and  cost  reduction  methods  in  airframe  design 
and  manufacture 


Manufacturing  related 

-  Inspection 

-  Equipment 

-  Cyclic  production 

-  Small  lot  sizes 

-  Job  shop  environment 

-  Highly  skilled  labor 

-  Metal  removal 

-  High  scrap  rate 

-  Deburring/hand-finishing 

-  Heat  treatment 

-  Hand  fit-up 

-  Energy  (autoclave  curing) . 
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FIGURE  1. 

PRESENT  AIRCRAFT  DESIGN  TEAM  PRIORITIES 


TABLE  1. 


LOW  SPEED  AIRCRAFT  DESIGN  FEATURES  . 
VERSUS 

MANUFACTURING  TECHNOLOGY  REQUIREMENTS 


DESIGN  FEATURES 

MT  REQUIREMENTS 

SUBSYSTEMS 

COMPONENTS 

•  USE  EXISTING  ENGINE  -  AVIONICS  - 
ACCESSORIES.  ETC 

•  MINIMUM  -  METHODS  IMPROVEMENTS 
ONLY 

STRUCTURE 

•  PRIMARILY  S/M  -  MINIMUM  MACHINED 
PARTS 

•  CONSTANT  SECTION  FUSELAGE 

•  CONSTANT  SECTION  CONTROL  SURFACES 

•  USE  LH/RH  INTERCHANGEABLE 
COMPONENTS  (LANDING  GEAR, 

CONTROL  SURFACES) 

P  MINIMUM  -  LOW  COST  S/M  TOOLING 

P  COMMON  USE  TOOLING 

P  MINIMUM  EQUIPMENT  REQUIREMENTS 

ASSEMBLY  AND 
INSTALLATION 

•  CONVENTIONAL  ALUMINUM  FASTENERS 

•  LAP  SKIN  -  JOINTS 

•  LOW  PRESSURE  HYDRAULIC  SYSTEMS 

•  DESIGNED  FOR  BREAK-RACK 

SUBASSEMBLIES 

P  PERMITS  MAXIMUM  USE  OF  AUTOMATIC 
RIVETINO: 

P  M.T.  IS  AVAILABLE.  PROVEN.  AND 

ONLY  REQUIRES  CONTINUED 

MANUFACTURING-TO-COST 

IMPROVEMENTS 

TABLE  2. 


HIGH  SPEED  AIRCRAFT  OESIGN  FEATURES 
VERSUS 

MANUFACTURING  TECHNOLOGY  REQUIREMENTS 


DESIGN  FEATURES 

MT  REQUIREMENTS 

SUBSYSTEMS 

P  ENGINE  IN  DEVELOPMENT  PARALLEL  WITH 
AIRFRAME  -  ADVANCED  AVIONICS-HIGH 
PERFORMANCE  ACCESSORIES 

P  NEW  MT  REQUIREMENTS  -  NEW  TOOLING  - 
EQUIPMENT  INVESTMENTS 
p  CONTINUED  MT  -  MTC 

STRUCTURE 

P  EXTENSIVE  USE  OF  EXOTIC  METALS 
p  DOUBLE  CURVATURE  FUSELAGE 
p  EXTENSIVE  S/M  AND  MACHINE  PROFILING 
p  TAPERED  WINGS.  CONTROL  SURFACES 

P  COMPOSITES 

P  NEW  MT  FOR  MACHINING  EXOTIC  METALS 

P  EXPENSIVE  MACHINE  TOOLS 

P  CAM  REQUIREMENTS 

P  NEW  MT  FOR  COMPOSITE  MANUFACTURE 

P  CONTINUED  MT  -  MTC 

ASSEMBLY  AND 
INSTALLATION 

p  EB  WELDING 

p  SPECIAL  PURPOSE  FASTENERS 
p  BUTT  JOINTS  -  FAYING  SURFACES 
p  PRESSURE  SEALING 
p  HIGH  PRESSURE  HYDRAULIC  SYSTEMS 
p  HIGH  DENSITY  WIRING/TUGING 

P  WIRE  SHIELDING 

P  LIMITED  USE  OF  AUTOMATIC  RIVETING 

P  MT  FOR  EB  WELDING 

P  HIGH  MAN-HOURS  FOR  CLOSE  TOLERANCE 
ASSEMBLY 

P  MT  FOR  DEVELOPMENT  OF  HIOH  PRESSURE 
HYDRAULIC  FITTINGS  AND  TUBING 

P  AVOID  RF  PROBLEMS 
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-  Cost  targets  against  which  performance 
of  design  personnel  can  be  manufactured. 

In  the  past,  the  designer  had  only  one  resource  to  determine 
cost:  the  cost  estimator.  The  cost  estimator  is  still  an  important 
factor  in  the  final  iteration  of  the  design  prior  to  production  commit¬ 
ment.  However,  it  is  often  difficult  to  meet  scheduling  requirements, 
as  well  as,  to  consider  an  adequate  number  of  design  alternatives  while 
ascertaining,  with  confidence,  that  the  selected  design  is  actually  the 
lowest  cost  alternative.  The  MC/DG  now  provides  an  unprecedented  oppor¬ 
tunity  for  the  designer  to  study  a  large  number  of  alternative  design 
configurations,  e.g.,  10,  of  airframe  subassemblies  to  achieve  the  lowest 
manufacturing  cost. 

Strong  Interaction  between  design  and  manufacturing  is  essential 
to  achieve  the  required  advancement  in  manufacturing  sophistication.  While 
the  MC/DG  will  eventually  be  applicable  at  all  levels  of  the  design  process, 
the  importance  of  the  preliminary  design  phase,  the  "window  of  opportunity", 
needs  to  be  emphasized.  Figure  2  shows  the  cost  impact  of  decisions  as  a 
function  of  the  number  of  decisions.  Figure  3  illustrates  the  applicability 
of  the  MC/DG  from  airframe  concept  development  through  concept  selection. 

OBJECTIVES  OF  DESIGN  GUIDE 


The  objectives  of  the  MC/DG  are  to: 

•  Provide  to  designers  urgently  needed,  quick,  simple 
and  quantitative  cost  comparisons  of  manufacturing 
processes 

•  Emphasize  design  orientation  of  MC/DG  formats  and 
manufacturing  man-hour  data  for  use  at  all  phases 
of  design  process,  i.e.,  preliminary  and  detail 
design,  therefore,  increasing  emphasis  on  cost  as 
a  vital  parameter 

•  Enable  more  extensive  manufacturing  cost  trade-offs 
to  be  conducted  on  airframe  components  and  aerospace 
electronics  fabrication  and  assembly 

•  Emphasize  potential  cost  advantages  of  emerging 
materials  and  manufacturing  methods  accelerating 
the  transfer  to  production  hardware  of  these  tech¬ 
nologies 

•  Guide  the  designer  to  the  lowest  cost  manufacturing 
processes  early  in  the  design  phase  to  avoid  cost- 
drivers 
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•  Identify  cost-driving  manufacturing  operational 

sequences  which  provide  targets  for  future  computer- 
aided  manufacturing  (CAM)  efforts. 

The  contents  are  shown  in  Table  3.  Using  advanced  composite 
fabrication  as  the  example.  Figure  4  illustrates  the  interaction  between 
various  Air  Force  cost  analysis  programs. 

The  MC/DG  will  be  available  in  both  hard  copy  and  as  a  compu¬ 
terized  manufacturing  cost/design  system  (MC/DS)  being  developed  by 
another  coalition  headed  by  Grumman  Aerospace  Corporation. 

TABLE  3. 

MC/DG  VOLUME  CONTENTS:  “MANUFACTURING 
TECHNOLOGIES  FOR  AIRFRAMES" 


MATERIAL  OETAIL  MATERIAL  PERMANENT 
REMOVAL  FABRICATION  TREATMENT  JOINING* 
COSTS  COSTS  COSTS  COSTS 


MACHINING  METALLIC 


CHEM 

MILLING 


EMERGING 

PROC. 


NON* 

METALLIC* 

EMERGING 

PAOC. 


CATEGORIES  *  MATERIAL  REMOVAL.  ETC. 
SECTIONS  «  MACHINING.  ETC. 
SUBSECTIONS  •  TURNING  AND  MILLING,  ETC. 


HEAT  WELDINO 

TREATMENT 

ADHESIVE 
SURFACE  SONOING 

TREATMENT 

BRAZING 

EMERGING 

PAOC.  EMERGING 

PROC. 


ASSEMBLY 


ASSEMBLY* 

COSTS 


METALLIC 

ASSY. 

NON- 

METALLIC 

ASSY. 

EMERGING 

PROC. 

'MAJOR  AND 

FINAL 

ASSEMBLY 


ADVANCED  COMPOSITES 

DESIGN— MC/DG— FABRICATION  GUIDE-COST  ESTIMATING  SYSTEM 


INTERACTIONS 


FIGURE  4. INTERACTION  BETWEEN  AIR  FORCE  PROGRAMS 
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GUIDE  PROJECT  ORGANIZATION 

This  program  is  administered  under  the  technical  direction  of 
Capt.  Richard  R.  Preston,  Computer  Integrated  Manufacturing  Branch, 
Materials  Laboratory  (AFWAL/MLTC) ,  Air  Force  Wright  Aeronautical  Labora¬ 
tories,  AFSC,  Wright-Patterson  Air  Force  Base,  Ohio  45433. 

Battelle's  Columbus  Laboratories  (BCL)  is  the  prime  contractor 
on  the  MC/DG  Data  Development  Program.  The  Program  Manager  at  BCL  is 
Mr.  Bryan  R.  Noton.  The  program  is  supported  by  the  following  airframe 
and  electronics  industry  subcontractors: 


Airframe/Avionic  Companv 


Program  Managers 


General  Dynamics  Corporation,  Fort  Worth 
Division 

Grumman  Aerospace  Corporation 


Honeywell,  Incorporated 
Lockheed-California  Company 
Northrop  Corporation,  Aircraft  Group 

Rockwell  International  Corporation, 
North  American  Aircraft  Operations 

Rockwell  International  Corporation, 
Avionics  &  Missiles  Group,  Collins 
Avionics  Division 


P.  M.  Bunting 
B.  E.  Kaminski 

V.  T.  Padden 
A.  J.  Tornabe 

R.  Remski 

J.  F.  Workman 

J.  R.  Hendel 
A.  P.  Langlois 


R.  A.  Anderson 


J.  G.  Vecellio 


Boeing  Commercial  Airplane  Company  also  participated  in  the  first  two 
MC/DG  contracts.  Mr.  R.  H.  Hammer,  Mr.  David  Weiss,  and  Mr.  Peter  H. 
Bain  were  the  Program  Managers  at  Boeing  during  various  phases. 


Multi-Company  Approach 


Important  advantages  are  evident  in  the  development  of  manu¬ 
facturing  man-hour  data  by  a  team  of  major  aerospace  companies.  The 
principal  advantages  are  as  follows: 

•  Provides  a  cross-section  of  small  and  large 
aircraft  for  the  entire  industry;  both  military 
and  commercial 

•  Present  team  members  have  large  Interface  with 
all  levels  of  designers.  Industry  will,  therefore 
utilize  the  MC/DG  rapidly  in  the  design  process 
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•  Team  draws  on  each  company's  expertise  making  results  *2  SePfc  1984 
more  viable  (expertise  and  installed  manufacturing 

facilities  vary  across  industry). 

•  Team  has  an  extensive  source  of  available  data  and 
provides  a  broad  base  from  which  to  collect  and 
develop  data. 

•  Team  provides  the  required  base  for  deriving  average 
industry  data  (which  cannot  be  achieved  without  the 
team  approach). 

a  Team  can  verify  and  thus  provide  confidence  to  data 
and  formats  for  designer  use,  rather  than  a  parochial 
point  of  view  of  a  single  company. 

•  Team  provides  a  broad  base  for  emerging  technologies 
and  utilization  of  DoD  manufacturing  technology  (MT) 
research  program  results. 


GROUND  RULES  FOR  DATA  DEVELOPMENT 


General  and  detailed  ground  rules  for  each  MC/DG  section  were 
developed  by  the  team.  Ground  rules  are  necessary  and  important  as  they 
promote  understanding,  ensure  consistency,  uniformity,  and  accuracy  in 
generating  and  integrating  data  into  the  formats.  The  following  are 
examples  of  ground  rules  for  sheet-metal  aerospace  discrete  parts. 

The  general  ground  rules  are  categorized  wider  the  following 
major  groupings: 

(a)  Sheet-Metal  Discrete  Parts 

(b)  Materials 

(c)  Manufacturing  Methods 

(d)  Facilities 

(e)  Data  Generation  -  Recurring  Costs 

(f)  Data  Generation  -  Nonrecurring  Costs 

(g)  Support  Function  Modifiers. 


AIRFRAME  PART  DEFINITIONS 


The  following  Indicates  the  cubdivison  of  airframe  parts  to 
determine  manufacturing  man-hours  (composites  selected): 

1.  Base  Part:  A  detailed  part  in  its  simplest  form, 
i.e.,  without  complexities  such  as  strip-plies, 
cut-outs,  and  doublers. 

2 .  Designer- Influenced  Cost  Elements  (DICE):  Includes 
strip-plies,  cut-outs,  doublers,  and  special  toler¬ 
ances  that  add  cost  to  the  Increased  fabrication 
operations  and  tooling  required  over  the  standard 
manufacturing  method  (SMM)  for  the  base  part. 
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3.  Detailed  or  Discrete  Parts;  A  distinct  airframe 
structural  part  which  may  incorporate  complexities, 
e.g.,  a  base  part  plus  DICE,  ready  for  assembly  to 
perform  its  required  function  in  the  airframe. 


The  MC/DG  man-hour  information  is  presented  in  basically  three 
forms.  These  are  the  lowest  cost  processes  for  the  designer;  manufactur¬ 
ing  methods  for  multiple  discrete  parts;  and  multiple  manufacturing  methods 
for  single  discrete  parts.  This  building-block  approach  is  illustrated  in 
Figure  5. 


FIGURE  5. 
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UTILIZATION  OF  SHEET  METAL  AEROSPACE  DISCRETE 
PART  DEMONSTRATION  SECTION 


STRUCTURAL  ASSEMBLY  UTILI2E  DATA  AND 

WITH  SHEET  METAL  A  FORMATS  DEVELOPED 

PARTS  JOINED  BY  W  FOR  DEMONSTRATION 

MECHANICAL  FASTENING  ~  SECTION 


t 


TRADE-OFF  BETWEEN 
VARIOUS  SHEET-METAL 
CONFIGURATIONS 


MANUFACTURING  COST-DRIVERS 
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To  develop  the  model,  or  eectlon-by-section  layout  of  the  MC/DG, 
It  was  necessary  to  Identify  the  cost-drivers  for  each  conventional  and 
emerging  manufacturing  technology  Included  in  the  list  of  contents. 


Table  3. 

The  following  are  examples  of 
cations  processes: 

Forgings 

•  Forging  processes 
e  Material 

#  Quality  requirements 

-  Tolerances 

-  Metallurgical  properties 
and  NDI/NDE 

e  Quantity,  lead-time  and  lot 
releases 

e  Complexity 

e  Size. 

Castings 
e  Casting  process 
e  Material 

e  Quality  requirements 

-  Nondestructive  testing 

-  Destructive  testing 

-  Finished  part  tolerances 
and  surface  texture 

-  Metallurgical  properties 
e  Quantity 

e  Complexity 
e  Size 

e  Subsequent  machining. 


cost-drivers  in  typical  fabri- 

Mechanically  Fastened 
Assemblies 

e  Accessibility 

e  Jigging  requirements 

e  Sequencing  requirements 

e  Materials  joined 

e  Sealing 

e  Quantity 

e  Stack-up  of  parts 

e  Number  of  parts 

e  Number  and  type  of  fasteners 

-  Hand  rivets 

-  Drivematic  rivets 

-  Threaded  fasteners 

•  Tolerances 

a  Assembly  size. 

Surface  Treatment 
e  Surface  preparation 

•  Size 

a  Complexity 
a  Energy  requirements 
a  Quantity 
e  Materials 
a  Tolerances. 
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Welding 

•  Material 

•  Welding  proceaeea 

•  Weld  method 

-  Manual 

-  Mechanised 

-  Automatic 

•  Type  of  joint 

a  Weld  classification 

-  Primary  structure 

-  Secondary  structure 

~  Non-load  bearing,  non- 
structural 

e  Size  of  assembly 

•  Length  and  number  of  passes 

•  Path  complexity,  a.g., 
straight,  curved,  irregular 

e  Prc-  and  post-weld  process¬ 
ing  (heat  treatment  and 
straighten) 

e  Tooling  complexity 

e  Inspection 

a  Proof  loading 

a  Weld  repair. 
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Advanced  Composites 
a  Fiber  types 
a  Part  type  and  function 
a  Part  size 
*  Number  of  plies 
a  Overlaps 
a  Gaps 
a  Lot  size 
a  Resin  systems 
a  Fiber  mix  (hybrids) 
a  Quality  requirements 
a  Automatic  vs,  manual  lamination 
a  Curing  method 
a  Facility  requirements 
a  Tooling  concept. 

Sheet-Metal  Forming 
a  Material  type  (formability) 
a  Complexity  of  configuration 
a  Size 
a  Tolerances 
a  Quantity 

a  Heat-treat  conditions  and 
other  process  requirements. 


The  above  cost-drivers  enabled  the  data  requirements  to  be 
specified  for  subsequent  development  of  the  designer-oriented  formats. 
Examples  of  these  formats  are  shown  in  Figures  6  to  12. 
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METHODOLOGIES  FOR  PRESENTING 
DATA  TO  DESIGNERS 

When  presenting  cost-drivers  and  manufacturing  man-hour  data 
to  designers,  the  following  terminologies  were  selected: 

a  Cost-Driver  Effects  (CDE) 
e  Co st -Estimating  Data  (CED). 
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FIGURE  7. 

COST  EFFECT  OF  LOT  SIZE— SKIN  PANEL 
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FIGURE  8. 


10  12  M  II  It 

Port  Length  ~  ft 

fCED-O/E-ll 

COMPOSITE  HAT  SECTION  TOTAL  NONRECURRING 
TOOLING  COST/PART 


influenced 


pu  /'Pert  Length 
oy  Developed  Width 


.Developed  Wdth 


FIGURE  9. 


i 

isoo; 

K 


.Developed  Width . 


■Tooling  Surface 


o  2  4  *  e  io  it  it  te  n  so 

ftjrt  Length'-’  Ft 

See  Ground  Rules  for  Limitation*  ond  Consideration* 


-G/E-2I 


Cot<  include* 
Trim  Only 


CUTOUT-MOLE  RECURRING  COST/ DC  TAIL 

iMiu.w-.fi  a  j*  Hole  Shop#  ond  Sml 
Influenced  By  j,  0f  Pim  j 


12  to  e  «  4  t  0 

Perimeter  -  In 


FIGURE  10. 


?ICEG/E-2| 


i  y*.* 


■■ 


TTD450260000 
12  Sept  1984 


E-44 


'  J*  f  V 


^ :*■ X"  Ti" 


rrrrr-rivri  i  mm 


K  \ 


- 

(s 

*  >_ 

L* ' 

K 


TTD450260000 
12  Sept  1984 


The  objectives  of  the  CDE  and  CED  methodologies  are: 

e  To  develop  a  simple  approach  for  the  use 
of  formatted  data  by  designers  to  achieve 
lower  fabrication  costs  during  design 
phases:  both  CDE  and  CED 

e  To  provide  qualitative  cost  guidance 
to  perform  simple  trade-offs  to  achieve 
lowest  fabrication  cost:  CDE 

a  To  provide  the  designer  with  the  capa¬ 
bility  to  perform  trade-offs  to  achieve 
quantitative  rough-order-of  magnitude 
(ROM)  estimated  fabrication  costs:  CED. 


DIRECTION 


COMPARISON 


COST 


The  CDE  and  CED  methodologies  provide  the  designer  with  cost 
guidance  for  achieving  lower  manufacturing  costs  at  the  preliminary  and 
detail  design  phases.  Summarizing: 

e  Cost-Driver  Effects  (CDE)  provides  qualitative  guidance 

e  Cost-Estimating  Data  (CED)  provides  quantitative  results. 

The  CDE  approach  enables  preliminary  and  production  designers  to: 

•  Identify  the  intensive  cost-drivers  that  increase 
the  manufacturing  cost  of  the  design 

•  Determine  the  relative  effects  of  cost-drivers 
over  which  he  has  control 

•  Utilize  cost  data  enabling  simple  trade-offs  to 
be  performed  to  achieve  comparative  costs  for 
those  configurations  considered. 

DESIGNER-ORIENTED  FORMAT/CHART 
DEVELOPMENT  CRITERIA 

The  BCL/industry  team  agreed  that  the  MC/DG  formats  must  be 
created  in  accordance  with  the  following  criteria: 


•  Emphasize  cost-drivers 

•  Be  simple  to  use 

•  Use  designer  language 

•  Instill  confidence 


Be  economical 
Be  accessible 
Be  maintainable. 


An  example  of  a  format  selection  aid  for  the  MC/DG  is  shown  in 
Figure  13.  A  typical  selection  aid  for  an  MC/DG  section  is  shown  in 
Figure  14. 
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ALUMINUM  FUSELAGE  SHEAR  PANEL  TRADE-STUDY 

The  following  illustrates  the  methodology  and  results  of  a  trade- 
study  conducted  on  the  aluminum  fuselage  panel.  The  approach  used  can  be 
summarized  in  five  steps.  First,  a  basic  panel  was  defined.  Next,  struc¬ 
tural  concepts  were  developed  as  candidates  for  the  panel  designs.  Third, 
the  ground  rules  and  assumptions  for  the  study  were  specified.  Fourth,  the 
MC/DG  data  display  formats  were  utilized  to  obtain  the  cost  of  the  concepts. 
Finally,  conclusions  were  drawn  concerning  the  effectiveness  of  the  MC/DG  in 
conducting  a  typical  trade-study  performed  in  industry. 

The  panel  chosen  for  this  trade-study  is  from  the  fuselage  of  the 
Air  Force  F-16  aircraft.  Figure  15  shows  the  location  of  the  panel  on  this 
aircraft.  The  panel  concepts  selected  for  evaluation  are  illustrated  in 
Figure  16  which  shows  concepts  having  single  and  compound  curvature  concept. 

The  aluminum  alloy  selected  was  2024  aluminum.  Skins  and  brake  formed  dis¬ 
crete  parts  were  in  the  T-3  condition.  The  parts  formed  on  the  rubber  press 
were  in  the  "0"  or  "W"  condition  and  solution  heat-treated  to  a  final  condi¬ 
tion  of  T-42.  The  brake  formed  parts  were  straight  channels  and  Z-sections. 
Curved  channels  and  Z-sections  were  formed  on  the  rubber  press.  All  skins 
were  Farnham  rolled. 

The  design/analysis  assumptions  were: 

•  Shear  buckling  permitted 

•  No  inter-fastener  buckling 

•  No  frame  or  stringer  buckling 

•  No  crippling  of  stringers  in  compression. 

Examples  of  the  concepts  are  given  in  Figure  17  through  20. 

The  weight  of  each  concept  was  determined  using  conventional  methods 
of  calculation.  The  MC/DG  was  utilized  to  determine  the  manufacturing  cost 
of  each  concept. 

The  MC/DG  cost  worksheet  was  used,  along  with  the  supporting  data 
sheet,  to  calculate  the  cost  per  aircraft  of  each  panel.  These  worksheets 
are  shown  in  Tables  4  and  5  for  concepts  IA  and  IB.  The  data  obtained  from 
the  MC/DG  formats  were  entered  onto  the  worksheet  in  the  appropriate  columns. 
Examples  of  how  the  data  were  determined  from  the  formats  for  concepts  IA  and 
IB  are  shown  following  the  trade-study  summary  (Figures  21  and  22).  It  is 
interesting  to  note  that  the  cost  for  both  concepts  IA  and  IB  is  the  same. 
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This  is  because  facility  limitations  constrained  the  contoured  parts  to 
be  formed  using  the  rubber  press  method,  instead  of  the  less  expensive 
brake  and  roll  method.  The  only  difference  between  the  two  concepts  is 
the  addition  of  lightening  holes  to  the  frames  in  concept  IB.  For  the 
rubber  press  operation,  the  addition  of  lightening  holes  does  not  require 
any  additional  operations,  and  therefore  does  not  require  the  addition  of 
a  DICE  cost.  These  results  provided  the  cost  per  pound  for  each  concept. 

Table  6  lists  the  cost,  weight,  and  cost  per  pound  of  the  single 
curvature  concepts.  The  compound  curvature  concept  was  similar  to  one  of 
the  single  curvature  concepts,  and  as  expected,  the  MC/DG  shows  the  com¬ 
pound  curvature  concept  to  be  more  expensive  (Table  6).  These  data  will 
allow  the  design  team  to  select  the  cost-optimized  fuselage  shear  panel 
that  will  satisfy  all  other  program  parameters.  Table  7  indicates  the 
cost  of  weight  saved  for  the  F-16  panel  concepts. 

This  and  other  studies  show  that  the  MC/DG  is  an  effective  aid 
to  the  design  engineer.  The  designer  can  easily  and  quickly  use  the 
qualitative  and  quantitative  manufacturing  cost  formats  provided  in  the 
MC/DG.  The  MC/DG  is  sensitive  to  configuration  variations.  A  further 
conclusion  was  that  additional  CDE  and  CED  formats  for  other  manufactur¬ 
ing  processes  are  required  to  analyze  more  complex  airframe  subassemblies. 

The  MC/DG  plays  an  important  role  in  the  CAM  environment,  e.g.: 

•  Provides  bridge  between  CAD  and  CAM 

-  Design/manufacturing  interaction 

•  Highlights  lowest  cost  process  flow 

•  Allows  design  trades  with  known  manufacturing  cost  impacts 

•  Provides  immediate  cost  impact  of  documentation  change 
notice. 

The  ICAM  MC/DG  payoff  on  return  of  investment  is  cumulative  on 
all  subassemblies  and  systems;  airframes  and  avionics/electronics. 
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FIGURE  15. 

LOCATION  OF  ALUMINUM  CONCEPTUAL  PANEL  ON  F-1«  FUSELAGE 
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TABLE  6. 

SUMMARY  OP  COST-WEIGHT  RELATIONSHIPS 
IN  ALUMINUM  FUSE  LAO  1  SHEAR-PANEL 
TRADE -STUDY 
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TABLE  7. 

SUMMARY  OF  RESULTS  IN  ALUMINUM  FUSELAGE 
SHEAR-PANEL  TRADE  -  STUDY 
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DEPARTMENT  OF  DEFENSE 

1982  MANUFACTURING  TECHNOLOGY  ADVISORY  GROUP  CONFERENCE 

AIR  FORCE  ICAM  "MANUFACTURING  COST/DESIGN  GUIDE"  (MC/DG) 

FOR  ELECTRONICS 

Bryan  R.  Noton* 

Battelle’s  Columbus  Laboratories 
Columbus,  OH 

and 

Robert  Remski 

Honeywell  Inc.,  Avionics  Division 
Minneapolis,  MN 

ABSTRACT 


A  "Manufacturing  Cost/Design  Guide"  (MC/DG)  for  electronics 
is  under  development  for  the  Computer  Integrated  Manufacturing  Branch 
(AFWAL/MLTC) ,  Materials  Laboratory,  VPAFB,  Ohio.  The  data  analysis 
methodologies  established  for  the  "MC/DG  for  Airframes"  are  being  used. 
General  and  detailed  ground  rules  are  developed,  which  Include  specifi¬ 
cations  of  electronic  discrete  parts,  materials,  assemblies  and  manu¬ 
facturing  methods.  Examples  of  assemblies  are  power  supply,  hybrids 
and  chassis.  Examples  of  discrete  parts  are  substrates  and  printed 
wiring  boards.  The  paper  Includes  an  overview  of  the  aerospace  elec¬ 
tronic  design  processes,  indicating  how  the  MC/DG  will  be  utilized  to 
conduct  trade-studies  at  the  conceptual  and  detailed  design  phases  for 
the  circuitry,  etc.  An  overview  is  included  of  typical  trade-studies 
and  data  requirements  to  achieve  affordable  performance  for  avionic 
systems.  This  data  must  be  presented  to  designers  so  that  the  cost 
trade-studies  can  be  conducted  within  scheduling  constraints. 


INTRODUCTION 


The  need  to  arrest  and  reduce  costs  at  all  levels  of  the  air¬ 
craft  system  life-cycle  is  becoming  increasingly  Important.  Qualitative 
and  quantitative  data  on  cost-drivers  useful  during  the  design,  manufac¬ 
ture,  operation,  and  maintenance  of  aircraft  systems  are  essential.  This 
is  particularly  so,  because,  at  the  same  time,  the  number  of  new  aircraft 
being  developed  is  reducing  while  there  is  a  need  for  increased  perfor¬ 
mance  in  terms  of  reduced  weight,  improved  reliability,  and  lower  owner¬ 
ship  costs,  Including  reduced  fuel  consumption.  The  customer  must  be  pro¬ 
vided  with  performance  which  is  affordable. 


*Program  Manager,  MC/DG,  Battalia's  Columbus  Laboratories,  505  King  Avenue, 
Columbus,  Ohio  43201;  (614)  424-4588  or  424-5608.  Air  Force  Project  Engi¬ 
neer  is  Capt.  Richard  R.  Preston,  AFWAL/MLTC.  Contract  No.  F33615-79-C-5102. 
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-  A  DESIGN  OBJECTIVE  FOR  ELECTRONICS 
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Strong  interaction  between  design  and  manufacturing  is  essen¬ 
tial  to  achieve  these  required  advancements  in  manufacturing  sophistica¬ 
tion  and  refinements.  The  "Manufacturing  Cost/Design  Guide"  (MC/DG) 

Data  Development  Program  for  airframes  and  electronics,  a  follow-on  of 
earlier  Air  Force  contracts  (F33615-75-C-5194  and  F33615-77-C-5027)  pro¬ 
vides  an  unprecedented  opportunity  for  the  designer  to  study  a  larger 
number,  than  before,  of  alternative  design  configurations  for  airframes 
and  electronics  to  achieve  the  lowest  manufacturing  cost. 

The  MC/DG  identifies  the  cost-drivers  over  which  the  designer 
has  control  and  which  can  be  traded  back  for  performance  once  the  basic 
performance  requirements  of  the  system  have  been  exceeded.  The  MC/DG 
also  provides  the  mechanism  to  Improve  interaction  between  manufacturing 
and  design,  for  example,  regarding  the  selection  and  use  of  alternative 
manufacturing  facilities  that  may  be  necessary  due  to  shop  loading  re¬ 
quirements. 

The  MC/DG  is  intended  for  utilization  throughout  the  aerospace 
electronics/avionics  design  process.  The  design  process  is  depicted  in 
Figure  1  for  the  conceptual  and  detail  design  (circuit  and  mechanical) 
phases.  The  decreasing  leverage  to  Influence  cost,  as  systems  develop, 
is  shown  in  Figure  2. 


FIGURE  2. 
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The  development  of  the  "MC/DG  for  Electronics"  is  being  accom¬ 
plished  by  the  Battelle's  Columbus  Laboratories  (BCL) /Electronics  Indus¬ 
try  Coalition  for  the  Computer  Integrated  Manufacturing  Branch,  Materials 
Laboratory  (AFWAL/MLTC) ,  Vright-Patterson  Air  Force  Base,  Ohio  45433. 

A.  USAF  TECHNICAL  DIRECTION 

This  program  is  administered  under  the  technical  direction  of  Capt. 
Richard  R.  Preston,  AFWAL/MLTC. 


B.  MC/DG  COALITION 

BCL  is  the  prime  contractor  on  the  MC/DG  Date  Development  Program.  The 
Program  Manager  is  Mr.  Bryan  R.  Noton,  BCL,  supported  by  the  following 
subcontractors: 
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Honeywell,  Incorporated 

Lockheed-California  Company 

Rockwall  International  Avionics  &  Missiles 
Group,  Collins  Avionics  Division 
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Program  Managers 


R.  Remski 
J.  F.  Workman 


J.  C.  Vecelllo 


OBJECTIVES  OF  THE  MC/DG 


The  objectives  of  the  "MC/DG  for  Electronics"  are  to: 

e  Provide  electronic  designers  with  simple,  relative,  and 
quantitative  cost  comparisons  of  manufacturing  processes 

e  Emphasize  design  orientation  of  MC/DG  formats  and  manu¬ 
facturing  man-hour  data  for  use  at  all  phases  of  design 
process,  e.g.,  conceptual  and  detail  design,  therefore. 
Increasing  emphasis  on  cost;  a  vital  design  parameter 

e  Expand  electronic  performance/manufacturing  cost  trade¬ 
offs  conducted  by  designers  on  electronic  discrete  parts 
and  subassemblies 

e  Emphasize  potential  cost  advantages  of  emerging  materials 
and  manufacturing  methods  accelerating  the  transfer  of 
these  technologies  to  production  hardware 

e  Put  electronic  designers  on  lowest  cost  track  early  in 
design  process 

e  Identify  cost-driving  manufacturing  operational  sequences 
which  provide  targets  for  future  computer-aided  manufac¬ 
turing  (CAM)  efforts. 


MC/DG  VOLUME  CONTENTS  -  ELECTRONICS 

The  contents  for  the  MC/DG  Volume,  "Manufacturing  Technologies 
for  Electronic  Fabrication,  Assembly  and  Test"  are  subdivided  (Table  1) 
into  the  following  broad  categories: 

I.  Procured  Items 

II.  Detailed  Fabrication 

III.  Assembly 

IV.  Test,  Inspection  and  Evaluation  (TI&E). 

A  designer's  cost  worksheet  (Table  2)  and  selection  aids  for  the  electro- 
nic/avlonlc  manufacturing  data  have  been  developed.  The  first  selection- 
tree,  Figure  3,  is  similar  to  that  included  in  Report  No.  AFWAL-TR-80-4115 
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and  also,  a  second  type,  which  indicates  the  formats  required  for  designer 
guidance  at  the  conceptual  design  phase,  when  addressing  specific  design 
parameters,  is  shown  in  Table  3. 


TABLE  1. 

MC/DG  VOLUME  CONTENTS:  “MANUFACTURING 
TECHNOLOGIES  FOR  AEROSPACE  ELECTRONIC 
FABRICATION;  ASSEMBLY,  AND  TEST" 


1 

II 
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IV 
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ELECTRONIC  DETAIL  DESIGN  PHASE 
DESIGNER  FORMAT  SELECTION  CHART 
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TABLE  3. 

CONCEPTUAL  DESIGN  PHASE  TRADE  STUDY 
DESIGNER  FORMAT  SELECTION  CHART 
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MAJOR  SYSTEM  DESIGN  PARAMETERS 

In  the  design  process  for  electronics,  a  series  of  systems 
parameters  or  objectives  must  be  considered  at  the  conceptual  and  pre¬ 
liminary  design  phases.  Examples  of  these  parameters  are: 

1.  Reliability  — Goal  MTBF  6.  Mounting  Configuration 

2.  Maintainability  — Goal  MITR  7.  Vehicle  Power  Requirements 

3.  Cost  — ►  Cost  Bogie  or  DTC  Coal  8.  Location  in  Vehicle 

4.  Environmental  - ►^Quality  Levels  9.  Volume 


a. 

Temperature 

10. 

Weight 

b. 

c. 

Vibration 

Shock 

11. 

Interface  Requirements 

d. 

Radiation 

12. 

Field  Maintenance  Concept 

e. 

Altitude 

13. 

Build  Schedule 

Op^ration/Mission  Requirements 

14. 

Part  Lead-Time 

a. 

b. 

Fault  Tolerance 

Power-on  Cycles 

15. 

Design  Schedule 

c. 

Mission/Flight  Critical 

16. 

Design  Costs. 

MANUFACTURING  DATA  PRESENTATION 
FOR  DESIGNERS 

As  was  previously  the  case  for  the  "MC/DG  for  Airframes," 
the  manufacturing  man-hour  data  for  materials,  discrete  parts,  assembly 
and  test,  inspection  and  evaluation  (Tl&E)  are  presented  in  two  ways. 
Firstly,  cost-driver  effects  (CDE),  and  secondly,  cost-estimating  data 
(CED)  are  given.  The  objectives  of  the  CDE  and  CED  methodologies  are: 

•  To  develop  a  simple  approach  fc;  the  use  of  formatted 
data  by  designers  to  achieve  lowest  manufacturing 
costs  during  all  design  phases  (CDE  and  CED) 

e  To  provide  qualitative  cost  guidance  to  the  designer 
to  assure  lowest  manufacturing  cost  (CDE) 

a  To  provide  the  designer  with  the  capability,  through 
quantitative  guidance,  to  perform  simple  trade-offs 
on  manufacturing  costs  (CED) . 

The  CDE  cost  relationships,  providing  qualitative  direction,  have  the 
following  objectives: 

e  Identify  cost-drivers  that  Increase  the  manufacturing 
cost  of  the  design 

e  Show  relative  effects  of  cost  elements  over  which 
designers  have  control 

e  Motivate  designers  to  reduce  the  impact  of  the  cost- 
drivers  by  avoiding  such  design  and  manufacturing 
features. 
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Using  che  CDE  approach,  the  designer  should  realize  Che  lowest  cost, 

while  satisfying  the  performance  requirements. 

The  CED  cost  relationships,  providing  quantitative  information, 

have  the  following  objectives: 

e  Provide  designers  with  manufacturing  man-hour 
data  to  allow  trade-offs  to  be  quickly  performed 
to  achieve  comparative  costs  for  candidate 
electronic  systems 

•  Motivate  electronic  designers  to  conduct  trade-offs. 

The  CDE  approach  also  motivates  designers.  Low  cost  designs  can  be 
realized  providing  full  advantage  was  taken  of  the  CDE  data  and  the  lower 
end  of  the  cost  range  used  wherever  possible,  while  satisfying  the  per¬ 
formance  and  reliability  requirements. 

The  CED  approach  provides  preliminary  and  detail  designers  with: 

•  Ability  to  perform  cost-estimates  through  the  use  of 
simplified  formats  showing  manufacturing  man-hour  data. 

The  utilization  of  the  formats  is  indicated  in  Figure  1.  ' 

ELECTRONIC  FORMAT  DESIGN  CRITERIA 

The  designer-oriented  formats  and  methodologies  reported  in 
the  model  of  the  MC/DG  (AFML-TR-76-227)  have  been  used  as  the  basis  for 
format  development  for  the  "MC/DG  for  Electronics  Fabrication,  Assembly 
and  TI&E". 

The  MC/DG  designer-oriented  formats  must  meet  the  following 

criteria: 

•  Emphasize  cost-drivers  •  Be  economical 

•  Be  simple  to  use  •  Be  accessible 

•  Use  designer  language  •  Be  maintainable. 

•  Instill  confidence 

GROUND  RULES  FOR  ELECTRONICS 


Prior  to  the  development  of  manufacturing  cost  data,  it  is  nec¬ 
essary  to  establish  both  general  and  detailed  ground  rules.  Ground  rules 
are  Important  as  they  promote  understanding,  ensure  consistency,  uni¬ 
formity,  and  accuracy  in  generating  and  integrating  data  into  the  for¬ 
mats.  Examples  of  the  ground  rule  categories  follow. 
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1.  General  Ground  Rules  12  Sept 

The  general  ground  rules  are  categorized  under  the  following 
major  groupings: 

(a)  Electronic  Assemblies 

(b)  Discrete  Farts 

(c)  Materials 

(d)  Manufacturing  Methods 

(e)  Facilities 

(f)  Data  Generation  -  Recurring  Costs 

(g)  Data  Generation  -  Nonrecurring  Costs 

(h)  Support  Function  Modifiers 

(i)  Test,  Inspection,  and  Evaluation  (TI&E). 

2.  Detailed  Ground  Rules 

The  detailed  ground  rules  are  categorized  under  the  following 
major  groupings: 

(a)  Material  (Purchased  Items) 

(b)  Configuration 

(c)  Specification  Requirements 

(d)  Manufacturing  Methods 

(e)  Facilities 

(f)  Test,  Inspection  and  Evaluation  (TI&E) 

(g)  Data  Generation  -  Recurring 

(h)  Data  Generation  -  Nonrecurring, 


EXAMPLES  OF  DESIGN  TRADE-OFFS 


a)  Conceptual  Design 


A.  Standard  Circuits  vs.  New  Technology 

e  Cost 
e  Weight 
•  Size 

e  Reliability 


B.  Analog  vs.  Digital  Processing 

e  Interface 

-  I/O 

-  Required  Conversions 
e  Part  Availability 

e  Part  Costs 


e  Maintainability 
a  Availability 

a  Factory  Capability  to  Handle 
a  Multiple  Source  (for  Candidate 
Circuits) 


a  Reliability 

a  Hardware/Software  Integration 
a  Number  of  Functions 
a  Operational  Definition 
a  Test  Costs 


C.  Common  Functions  vs.  Unique  Functions 

a  Multi-Mode  Computational  Capability 
a  Reliability  and  Flight/Mission  Critical 
a  Space  Availability 
a  Data  Transmission 
a  Fault  Isolation  Capability 
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b)  Detail  Design 


D.  Interconnect:  Hard-Wire  Auto  Wire  Wrap  ve.  Wire  Lay-up  vs.  Printed 
Circuit  Board  (PCB) 


e  Quantity 
e  Size 

e  Assume  Production  (Firm) 
Design 


e  Density 

e  Nonrecurring  Costs 
e  Recurring  Costs 
e  Repalrabllity 


E.  Auto-Insertion  vs.  Hand-Insertion 

e  Quantity  of  Assemblies 
e  Type  of  Component 

e  Number  of  Axes  -  Component  Orientation 
e  Number  of  Boards  per  Blank 
e  Footprint 
e  Lot  Sizes 

a  Assume  Production  (Firm  Design) 

F.  Adding  Cuts/ Jumpers  vs.  Redesigning  Printed  Wiring  Board 

e  Quantity  of  Cuts  and  Jumpers 
e  Cost  per  Cut  &  Jumper  (Labor) 
e  Cost  of  Redesign  of  PWA 
e  Volume  of  Assembly  Remaining 


ELECTRONIC  INTERCONNECT.  INSERTION  AND  SOLDERING 

g&QCSSSES-B&IA  PEYSLQPMEHX 

The  interconnect.  Insertion  and  soldering  processes  for  elec¬ 
tronics  Include  several  materials,  part  types,  and  also  manufacturing 
methods.  Some  processes  are  accomplished  by  hand,  while  others  are  semi- 
automated  or  fully  automated. 

Designer  guidance  formats  have  been  prepared  for  insertion, 
soldering,  and  interconnect  between  components.  Examples  of  such  for¬ 
mats  are  included  (Tables  4  &  5).  These  formats  resemble  that  earlier 
developed  for  sheet-metal  designer-influenced  cost  elements  (DICE). 

For  the  Insertion  and  soldering  processes,  each  part  type  is 
listed  in  the  MC/DG,  e.g.,  resistors,  capacitors,  transistors,  integrated 
circuits,  and  colls.  For  the  Interconnect  between  components,  various 
materials  were  Included,  e.g.,  Teflon,  polylmlde  and  ceramic.  The  man¬ 
hours  have  been  subsequently  calculated  for  each  process.  Other  typical 
formats  are  shown  in  Figures  4  to  9  for  cost  analysis  of  discrete  parts. 
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EXAMPLES  OF  CONCEPTUAL  DESIGN  12  Sept  1984 

TRADE-STUDIES  USING  MC/PG 


1.  IMPACT  OF  BUILT-IN  TEST  EQUIPMENT  ON 
MANUFACTURING  COSTS 
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The  Interaction  of  LRU- BITE,  manufacturing  teat*  and  related 
equipment,  has  the  potential  of  providing  a  reduction  in  aaaoclated  manu¬ 
facturing  coata.  Four  possible  benefits  of  this  interaction  are: 

•  Simple  ATE  to  item  interface  -  many  interfaces  that 
would  have  to  be  brought  out  of  the  LRU  to  the  ATE 
are  now  examined  by  the  BITE. 

a  Less  ATE  execution  time  -  more  testing  is  done  by 
the  BITE  resulting  in  reduced  ATE  memory  and  test 
time.  Also,  less  software  needs  to  be  generated. 

e  Improved  intermittent  fault  detection  -  BITE  operat¬ 
ing  continuously  has  a  far  greater  possibility  of 
detecting  an  intermittent  fault,  recording  that 
fault  and  storing  in  a  fault  memory  for  later  inter¬ 
rogation  by  the  ATE. 

e  A  more  comprehensive  test  -  the  BITE,  being  an  intimate 
part  of  the  LRU,  is  responsive  to  faults  the  ATE  could 
not  detect  due  to  the  limits  of  interfacing,  and  non 
real-time  monitoring. 

In  general,  the  discussion  will  be  directed  toward  the  15  to  25 
board  system.  Cost  impsets  vary  with  system  complexity  and  the  required 
BITE.  However,  this  level  of  complexity  is  typical  and  offers  some  up-to- 
date  data.  The  self-test  must  be  capable  of  annunciating  faults  it  detects 
such  that  an  operator  may  isolate  the  problem  to  a  card  or  group  of  cards 
and/or  function.  Also  assumed  is  a  relatively  thorough  level  of  electronic 
card  test  such  that  an  operator,  on  having  a  fault  annunciated,  can  remove 
the  suspect  assembly  or  assemblies  and  subject  them  to  a  more  detailed  test. 

Prior  to  examining  the  cost  differentials  associated  with  BITE/ 
manufacturing  test  interaction,  some  definitions  of  the  system  configura¬ 
tion  involved  must  be  discussed.  Figure  10  (CDE-E-VA)  shows  a  two-board 
"system"  with  two  separable  functions  occupying  board  #1  and  two  functions 
on  board  #2.  Board  #2  is  also  broken  into  sub-functions  which  are  desig¬ 
nated  "clusters"  of  components.  Clusters  are  difficult  to  define,  but 
would  consist  of  sub-functions  within  a  major  function,  each  having  a 
measurable  interface. 
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An  end-to-end  test  Is  relatively  simple,  requiring  a  minimum  of 
test  equipment,  and  isolating  nothing  except  the  system.  At  the  opposite 
end,  the  test  which  Isolates  clutters  of  components  requires  extensive 
interfacing  equipment  and  diagnostic  programming.  Board  and  function 
isolation  fall  in  between.  This  relationship  is  shown  in  Figure  11 
(CDE-E-VB)  which  depicts  the  relative  BITE  sizing  for  the  3  levels  of  test. 

The  growth  in  time  and  part  count  of  roughly  7.5  percent  for  an 
end-to-end  test  reflects  the  additional  memory  for  the  program,  as  well 
as  the  buffering  electronics  necessary  to  transfer  information  to  the 
testing  processor.  To  isolate  the  board  or  function,  an  approximate 
27  percent  increase  in  parts  is  required  for  an  isolation  ambiguity  of 
23  percent  between  two  boards  or  function. 

To  extend  the  approximation  to  a  detection  of  faulty  clusters 
of  components  requires  some  assumptions.  Each  function  or  board  type 
is  listed  below,  and  a  "cluster  breakdown"  is  provided. 


Function 

Clusters 

Total 

Clusters 

Necessary  Tests  Added 

Processor 

ALU,  PROM,  Logic 

3 

3 

Memory 

4  chip  address  groups 

16 

0 

Analog  input 

Buffers,  A/D 

20 

1 

Analog  output 

D/A  buffers  &  hold 

20 

1 

Discrete-ln 

- 

10 

1 

Discrete-out 

Each  discrete 

20 

20 

Servo  amp 

Each  amplifier 

4 

4 

Resolver  input 

Each  resolver  buffer 

8 

8 

Power  supply 

- 

1 

6 

Demodulator 

Each  demod 

8 

8 

52 

These  tabulations  provide  the  basis  for  the  last  data  point  on  Figure  11 
(CDE-E-VB) . 

Once  the  estimates  for  the  increase  in  size  of  the  LRU  due  to 
BITE  are  known,  an  approximation  to  manufacturing  costs  can  be  made.  Data 
indicates  that  on  the  average,  testing  is  about  40  percent  of  the  manu¬ 
facturing  cost.  This,  of  course,  is  a  function  of  board  and  system 
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complexity,  and  tha  typa  of  cast  equipment  involved.  Tha  60  parcant 
balanca  is  composed  of  parts  cost  and  assembly  labor,  and  is  impacted 
by  tha  laval  of  BITE  installad  in  tha  LRU.  Data  alio  indicatas  that  a 
raduction  in  tast  tins  of  a  factor  of  5  to  12  can  ba  realized  whan  a 
comprehensive,  wall  annunciated  BITE  is  usad.  Using  thasa  valuaa,  tha 
curva  of  Figure  12  (CDE-E-V)  is  plotted.  However,  these  are  approx¬ 
imations  and  ara  useful  for  trend  indication  only.  As  expected,  the  test 
time  decreases  significantly  due  to  tha  BITE  usage.  However,  tha  cost  of 
the  increased  amount  of  BITE  hardware  soon  becomes  more  dominant,  and  we 

! 

find  that  manufacturing  costs  begin  to  rise  again,  having  once  reached  a 
minimum.  Consequently,  it  would  appear  that  a  relatively  thorough  BITE 
may  not  be  cost-effective  when  considering  only  manufacturing  costs. 

I 

i 

i 

i 

FIGURE  10. 

BITE  TEST  LEVEL  DEFINITION 


FIGURE  11. 

IMPACT  OP  BIT  COMPLEXITY 
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FIGURE  12. 

BITE  IMPACT  ON  MANUFACTURING  COST 


Manufacturing 


Ind*  Board/Function  Ctuator 
To*  Isolation  lactation 


CDE-E-V 


2.  ANALOG  VS.  DIGITAL  SYSTEM  DESIGN 


TTD450260000 
12  Sept  1984 


At  the  start  of  the  conceptual  design  phase,  an  early  decision 
is  often  required  to  define  the  basic  configuration  as  to  a  digital  system 
or  an  analog  system  design*  The  first  design  task  associated  with  this 
study  is  the  definition  of  functions  required  to  meet  operational  specifi¬ 
cations.  The  most  immediate  task  is  to  define  an  Interface  list  to  pro¬ 
vide  signal  types,  signal  levels,  termination  impedances,  dedicated- data 
transmission  or  time  shared,  redundancy  levels,  power  requirements,  etc. 

A  curve,  Figure  13  (CDE-E-IVA)  was  developed  from  data  obtained 
analyzing  seven  avionic  flight  hardware  systems.  In  two  cases,  an  original 
analog  system  was  replaced  by  a  digital  system  performing  identical  func¬ 
tions.  The  normalized  manufacturing  costs  as  a  function  of  part  count  are 
plotted  in  Figure  13  (CDE-E-IVA) .  This  curve  is  not  totally  usable  since 
piece  part-count  alone  does  not  account  for  the  capacity  of  digital  pro¬ 
cessing  equipment  to  accomodate  more  functions  than  analog  circuits. 

The  "K"  factor  curve  of  Figure  14  (CDE-E-IVB)  was  derived  by 
analysis  of  the  various  analog  and  digital  system  to  define  a  relationship 
of  piece  part-count  to  functional  capability. 

The  final  results  of  the  analysis  are  presented  in  Figure  15 
(CDE-E-IVC) .  A  design  engineer  can  determine  relative  manufacturing  costs 
of  an  analog  vs.  a  digital  system  mechanization  by  making  a  piece  part- 


count  and  locating  the  point  on  the  appropriate  line  of  Figure  15  (CDE-E- 
IVC).  Using  the  adjusted  piece  part-count  criteria  of  a  summation  of  all 
types  of  electronic  parts,  the  break  point  for  manufacturing  cost  considera¬ 
tion  i6  2100  piece  parts. 

ANALOG  VS  DIGITAL  SYSTEMS 
UNADJUSTED  COST  DATA 
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POTENTIAL  COST  REDUCTIONS  UTILIZING  "MC/DG  FOR  ELECTRONICS" 

The  following  are  the  approximate  costs  of  various  electronic 

systems: 

•  Commercial  Navigation  Received  (Black  Box  Level)  $10-15k. 

•  Military  Communication  Received/Transmitter  $15-20k. 

•  Commercial  VHF  Communication  System  (System  Level)  $30-50k. 

•  Military  Cockpit  Management  System  or  Autopilot  System  $100-200k. 

Experienced  designers  in  industry  were  requested  to  estimate  the 
cost-savings  impact  of  utilizing  the  ICAM  "Manufacturing  Cost/Design  Guide" 
(MC/DG)  through  all  phases  of  electronic  systems  development. 

The  following  are  the  estimated  payoffs  from  using  the  MC/DG  on  an 
inertial  navigation  or  flight  control  system: 
a  Buy  600 

•  $60,000  each 

s  $36,000,000  program 

•  Engineering  design  and  development  program,  typically 
2-year  effort  costing  $2,000,000 

•  MC/DG  increases  design  activity  by  10  percent,  l.e., 

$200,000  but  is  more  efficient 

e  Use  of  ICAM  MC/DG  predicted  to  reduce  material  and 
labor  cost  of  each  system  by  10  percent  to  $54,000 

e  Cost  of  total  program  now  $32,000,000 

e  Savings  estimated  to  be  $4,000,000. 


MC/DG  IS  THE  BRIDGE  BETWEEN 
CAD  AND  CAM 


MC/DG  FOR  ELECTRONICS  PROVIDES  THE  FOLLOWING  BENEFITS; 
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•  Influences  design  decisions 

•  Emphasizes  low  cost  processes 

•  Provides  qualitative/quantitative  manufacturing  cost  data 

•  Imparts  senior  designer  experience  on  new  engineers 

•  Provides  direct  feedback  of  manufacturing  cost  impact. 

The  MC/DG  plays  an  important  role  in  the  CAM  environment. 

•  Provides  bridge  between  CAD  and  CAM 

-  Design/manufacturing  interaction 

•  Highlights  lowest  cost  process  flow 

•  Allows  design  trades  with  known  manufacturing  cost  impacts 

•  Provides  immediate  cost  impact  of  documentation  change  notice. 

The  ICAM  MC/DG  payoff  on  return  of  investment  is  cumulative  on  all 
electronic  and  airframe  subassemblies  and  systems;  Army,  Navy  and  Air  Force. 
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Abstract 

Constraint*  frequently  exist  In  determining 
cost -effective  material*  eubititutlon  end  Include 
lack  of  manufacturing  coet-data  to  conduct  trade- 
studies,  coet  of  redesign,  additional  testing  end 
tooling,  end  requirement!  to  maintain  form,  flc 
and  function  of  parti  coimiictad  to  production. 
Additional  design  tool!  an  necessary  at  the  con¬ 
ceptual,  preliminary  and  detail  dcclgn  phases. 

Such  guides  must,  for  example,  enable  conceptual 
designers  to  evaluate  alternative  concepts  end  the 
manufacturing  technologies  needed  for  emerging  mat¬ 
erials,  when  changes  have  minimal  cost  impact. 
Current  methods  of  estimating  manufacturing  costs 
are  discussed.  The  application  of  the  "Manufactur¬ 
ing  Cosc/Design  Guide"  (MC/DC)  to  the  materlela 
substitution  problem,  assisting  designer*  and  manu¬ 
facturing  engineers  to  avoid  cost-drivers,  la 
reviewed. 


Materials  Substitution  Background 

We  are  now  in  an  age  for  which  we  are  unpre¬ 
pared,  an  age  of  material  shortages. 

We  are  all  acutely  aware  of  the  energy 
dilemma ;  many  solutions  art  proposed  and  Just  as 
many  controversial  objection*  and  constraint* 
toward  progress  are  advanced.  However  Important 
the  energy  crisis  Is,  of  equal  Importance  la  the 
increasing  awareness  of  material*  shores?**  and 
the  immediate  need  to  find  alternative  materia’ a. 

Some  of  the  contributing  factors  to  material 
shortages  arc: 

•  Up  to  90Z  of  tha  columblua,  manganese, 
tantalum,  cobalt,  chromium,  bauxite,  and 
alumina  used  In  the  United  States  arc 
Imported.  Up  to  SOX  of  many  other 
Important  materials  are  Imported. 

•  Political  upheaval*  in  soma  of  the  export¬ 
ing  countries  have  disrupted  supplies 
resulting  in  significant  price  increase s. 

•  Lead-time  for  many  materials  and  components 
has  increased  by  a  factor  of  from  2  to  A 
times  since  1977.  Examples  ara: 

-  Aluminum  sheet ;  18  weak*  in  1977  to 
72  wtaits  In  1980 

-  Precision  forging*;  27  weak*  In  1977  to 
80  weeks  In  1980 

-  Purchaaed  part*  (built-to-print) ;  35 
weak*  In  1977  to  78  weak*  In  1980. 


Another  Important  factor  which  contribute*  to 
material  substitution  and  tha  quest  for  alternative 
materials  Is  tha  necessity  for  lncrssaad  performance 
of  complex  system*  such  as  Jst-msglnss.  The  design 
engineer  la  driven  and  assessed  by  his  ability  to 
provide  ths  marketplace  with  an  ever -imp roved  pro¬ 
duct  with  Increased  performance.  The  complex 
external  forces  and  Internal  Interactions  In  the 
da  sign -to -cost  process  Is  shown  In  Plgure  1.  To 
accomplish  these  objectives,  the  engineer,  using 
advanced  technology,  hat  not  only  improved  existing 
materials,  but  has  developed  new  "man-made"  mater¬ 
ials,  naw  products,  and  new  manufacturing  technolo¬ 
gies.  A  few  examples  in  the  aerospace  Industry  are: 

a  Transition  of  the  airframe  atructure  from 
"wood-wire-cloth"  to  high-strength  sheet 
matal  structures  utilizing  aluminum  and 
titanium 

a  Hlgh-atracgth  aluminum,  steel  and  titanium 
alloys 

a  Development  of  high-strength,  hlgh-modulus 
composite  materials 

a  Advanced  maiding  technology;  a.g.,  elec¬ 
tron-beam,  laser,  and  plaau 

a  Environmental  protection  of  surfaces 

a  High-etrength  fastener* 

a  Hlgh-atrangth  castings  and  forgings 

•  Powder  matal  technology  (ahapa  technology) 

•  Improved  matal  removal  cutting  tools 

•  Numerous  applications  of  computer  tech¬ 
nology  (CAM  and  CAD) 

e  Development  of  aolld-atate  electronics. 

The  aerospace  dealgn  team  priorities  are  shown 
in  Figure  2.  To  continue  to  meet  the  requirements 
for  Increased  performance  In  face  of  material  short¬ 
ages  and  lead-time  problem*,  engineers  must  have  a 
working  knowledge  of  tha  cost  Impact  on  manufactur¬ 
ing  whan  selecting  materials  for  nsv  designs  or 
when  substituting  alternative  materials  to  Improve 
performance  or  to  overcoma  a  material  shortage. 

Tha  Air  Force  ICAM  "Manufetturlng  Coat/Daaign  Guide" 
(MC/DC)  will  provide  thi*  capability  to  deslgn-to- 
coat  In  all  phases  of  the  evolution  of  the  design, 

«»  well  as  in  tha  production  phase  of  the  product. 


Constraints  to  Material  Substitution 

Just  as  constrslnts  exist  In  tha  anargy  prob¬ 
lem,  such  la  also  tha  case  with  the  materials  short¬ 
age  problem.  Some  of  these  constraint*  are: 


e  Lack  of  engineering  design  data 

a  Lack  of  adequate  manufacturing  coat  data 
to  conduct  trad*  studies 


•Associate  Fallow,  A1AA 
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Twlfliun  Pealtn  Hum 

Du  r  lot  this  phaaa,  th*  final  daalgn  cone  ape 
or  configuration  la  aalactod.  If  in  preparation 
for  a  design  eoapocltlae,  cha  "homework"  haa  kaas 
accomplished  and  cha  customer1 a  roqulrmanta  hero 
kaas  da flood  with  a  raaaoaabla  degree  of  accuracy, 
thla  phaao  conacltutoa  primarily  a  raviaw  af  cha 
conceptual  daalgn  acre  cloaely  meting  tha  roqulra- 
aoaca  of  cha  "laquaat  far  Proposal"  (IT?)  ac  tba 
■sic  coapoclclva  coat.  During  thla  critical  phaaa. 
tha  overall  configuration  la  "frnsan".  Tha  follow¬ 
ing  era  oaamploo  af  tha  major  daclalona  which  have 
to  be  node: 

o  Farforaanea  paraaatara 

a  Envelope  cha  baalc  ceaf lgurotlon  and  a lea 
tha  daalgn 

a  Define  weight  targeta 

*>  Mo  car  1*1  aolaction  for  majwr  coapoaonta 

a  Major  aanufacturlng  aubaaaaabllaa  or 
break-back* 

o  Dograa  of  coaaonallty  with  existing 
designs 

a  Major  "aak*-er-buyM  daclalona 

a  Major  coating  requirements,  a.g..  aero- 
dynamic ,  acouatlc,  otruetural  fatigue, 
and  notorial* 

*  Optlaun  naacor  achadulo 

*  Manufacturing  plan/tooling  policy 

a  Manpower  and  aklll  raqulremcta 

a  Funding  requirements 

o  Marketing  plan. 

It  1*  lneiaabant  on  th*  daalgn  anglnaor  to 
Indicate,  by  providing  adequate  and  factual  coat 
data,  that  th*  projected  performance  claim  node 
in  cha  initial  propoaal  to  tha  cuacaaar  will  k* 
mat.  Of  equal  importance,  la  the  reaponalblllty 
of  aanufacturlng  to  aatlcfy  cha  cuatomr  chat  tha 
product  can  bo  built  on  achadula,  at  tha  contrac¬ 
tual  price,  and  without  overran*  In  today's 
cllnaca  of  doubla-dlglt  inflation  and  notarial 
availability  uocartalntiaa,  this  peas*  a  aajar 
problaa  to  both  th*  aaaufacturar  and  cha  cuatomr. 
Th*  coec-eat  lasting  mthodology  and  lta  accuracy 
nuat  be  capable  of  cubctcnelctloa  with  factual 
back-up  data  for  both  la-houea  supervision  sad 
cuatomr  review. 


IV/  Current  Method*  of  gatimatlny 

y'\  Monufocturlnc  Coato 

Tha  basaa  for  mat  cost  sstlmtion*  of 
•  product*  or*  "historical  data,"  drawn  froa  a  data 

bank.  Thoa*  coats  or*  la  eatagorlaa  ouch  ss  tha 
following: 


'V\ 


pT”" 


t-5 
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*  Hoterlal  coot  trends  end  projccclcnc 
o  Man-hours  par  pound  of  structura 
a  Standard  hour  data 
a  learning  curve  elopes 
a  Productivity  trends 
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a  Avarage  tooling  eoato  by  typo  of  tool 
o  Avarage  coot  per  part 

*  Processing  costa 

a  Production  control  coot* 

•  Tost,  inspection,  and  evaluation  (TI4E) 
easts 

a  Ovarhsad  pools 
a  Administrative  casco. 


HC/PC-  as  a  Coating  Methodology  Aid 

llacorlcal  data,  rsgardlaos  of  tha  son- 
•tralats,  will  coatlaua  to  be  weed  ta  eetlmte 
manufacturing  costa.  Rowavar ,  tha  daalgnar  can 
utlllsa  MC/DC  formats  shown  In  Plguma  8  and  9  to 
conduct  tradeoff  a  betunaa  structural  parfoxmonca 
and  manufacturing  cost,  guch  fotmte  showing  qual¬ 
itative  data  put  tbs  daalgnar  on  tha  lowest  coat 
track  aarly  in  the  development  phaaa. 

Tha  MC/DC  la  not  a  coat-astlnatlng  manual , 
but  rather  a  guide  toward  lower  cost,  enabling 
designers  and  manufacturing  eaglaaera  to  avoid 
coat-driver*.  So  ouch.  It  become  o  tool  to  eval¬ 
uate  th*  conpetlblllty  of  the  proposed  doalgn  with 
a  market ,  end  customer '  a  accepted  "bench -nark"  or 
"baseline"  of  low  cost  doalgn.  A  low  aanufacturlng 
coot  for  o  doalgn  utilising  high  cost  mtarlsl  or 
with  oat  an  si  v*  load-tin*,  my  not  mot  the  criteria 
for  affordable  performance.  Th*  alternative*  con 
ho  ovoluatod  with  th*  MC/DC.  The  daalgn  approach 
la  illustrated  is  Figure  7  for  a  fuaolag*  shaer- 
ponal  study.  Tha  mthodology  to  do  fine  boa*  porta 
(alaplast  gsomtry)  and  designer-influenced  coat 
clamant*  (DICE)  la  schematically  shown  In  Figure  1C. 


Product lOG  Dan inn  Phase 

Although  tha  principal  daalgn  daclalona 
pertaining  to  th*  notorial  to  he  used  on  the 
primary  structural  components  are  mrde  In  tha 
previous  design  phaaa,  many  Important  daclalona 
era  also  necessary  during  rhs  production  design 
phase. 


Detail  design  of  each  of  the  frequently 
thousands  of  port*  require*  o  comprehensive 
knowledge  of  tha  offset  of  darlgnor-lnfluoncod 
coot  element#  (DICK)  on  dlocrot*  porta.  DICE 
might  odd  25X  to  manufacturing  man-hour*.  Selec¬ 
tion  of  mtoriel  for  th*  datoil  ports  must  ho 
compatible  with  th*  structural  configuration, 
leading,  corrosive,  end  many  other  roqulromonta, 
but  the  designer  frequently  ties  considerable  lati¬ 
tude  In  aolserlng  the  mtoriel  fom;  c.g. ,  ber, 
plate,  sheet,  forging,  end  coating  for  mtalo,  or 
tap*  and  broadgoods  for  emposicos. 

St  la  at  this  uritleal  phase,  that  tho  design 
la  " locked- lnK  sad  changes  md*  after  design 
ralaaaa  must  meat  tbs  "form,  fit,  and  function" 
requirements.  Thla  result*  In  added  costa  for  re- 
tasting,  retooling,  scrap  or  salvage  of  coaplated 
parts,  and  Interruption  of  cha  loaning  curve, 
resulting  in  achadula  dslayc. 


_  i*  -  •  \  r  ^  '  V-  "  ■  ^  v  r 
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•  tack  of  la-corvlca  experience  with  mi 

mw  Mtarlale 

#  Initial  "atert-up";  a.|. ,  tooling,  mv 
•kill a,  loaning  curves,  and  high  coat 
of  mo  natarlala,  auch  aa  advanced  com- 
poalcaa,  tltanlM,  and  atoal  alloy*. 

o  Incraaaad  logiatlc  lavantory  required  for 
■ora  chan  ou  apara  roplacoaant 

o  laluctaaca  to  changa,  a.g.,  Mlat  aoMona 
•laa  taka  cha  rlak"  or  tha  "not  lnvontad 
hare"  ayndrona 

o  Coat  of  redesign,  additional  tact log, 
tooling,  and  alao  rotralnlng 

o  Macoaaity  to  maintain  cha  "Pom,  Pit,  and 
Function”  of  parta  deal  good  and  already 
coMittad  co  produce  loo 

a  Znvaatnanc  raqulroMnta  in  wv  facllitlaa 
and  aquipnaat . 


Coocaptual  Pawl  art  Phtaa 

In  today' a  highly  conpatltlva  onvlroaaant, 
cha  aurvlval  of  a  eoopany  depends  prlnarlly  on  cha 
ability  of  it*  design  engineers  co  antlelpaca  cha 
beads  and  raquiraaanta  of  tha  cuatoMr,  and  to 
perceive  how  to  moc  thoaa  roquiraMota  at  a  lower 
coat  and  in  a  shorter  clna-apan  chan  competitors. 

Top  priority  aust  ha  given  to  parfonanca. 
Parfomanca  la  achieved  not  only  by  superior  know— 
ladga  and  aklll  in  Cha  application  of  design  theory 
and  engineering  disciplines  related  to  tha  product; 
but  alao  of  laportanca  la  tha  craatlva  and  inven¬ 
tive  aind.  However,  the  design  engineer  mist  alao 
racogniza  that  parfonanca  aw  at  be  achieved  at  an 
affordable  coat  and  a  major  constraint  to  this 
necessary  goal,  anong  others,  la  cha  shortage  of 
strategic  natarlala. 

At  tha  prapropoaal  or  conceptual  design 
phase,  daclaiona  oust  bo  nada  which  will  anaura  that 
tha  astarials  aolaetad,  whan  required,  will  bo 
readily  available  and  coat-affecciva  to  use.  Tha 
ability  to  accurately  predict  technology  advances 
and  notarial  requirements  la  an  inportent  factor 
in  the  conceptual  phase.  Exaaplaa  of  thoaa  factors 
are: 

e  Long-range  predictions  for  materials , 
including  availability  and  coat  projec¬ 
tions  must  he  utilised  to  avoid  potential 
problems 

o  More  tine  la  available  to  evaluate  alter¬ 
native  design  approaches 

e  Several  alternative  design  concept a  or 
options  can  be  evaluated 

e  Manufacturing  technology  can  ba  applied  to 
"productionize"  any  now  procasa/aethod 
required  to  utilise  advanced  natarlala 

e  Material  property  data  can  ba  gSMratad  and 
made  available  to  designers 

e  Decisions  mads  at  tha  conceptual  design 
phaaa  •*•  more  raadlly  changed  with 
llrtla  or  no  east  impact 


o  Degree  of  comaonallty  with  aniatlngdaalgns 
can  ba  studied  to  raduco  tooling  and  sinu- 
faeturlag  costa. 

a  Provide*  the  lead -tine  for  tha  procurtMnt 
of  mw  faellitlaa  or  oqulpMnt 

o  Projected  cuatoMr  performance  require¬ 
ment  a,  funding  constraints,  and  schedule 
roqulrsMnta  era  being  gaMratod 

o  Provides  nensgement  with  tha  tlM  to  oval- 
uota  long-term  coMltMnta  and  improve  the 
eoapctltiva  position  of  the  company. 


laportanca  of  HC/DC  at  tin 
Conceptual  Daolan  Phase 

Although  decision*  made  by  tha  daalgn  engin¬ 
eer  at  this  early  phase  are  subject  to  change, 
they  normally  have  a  Mjor  impact  on  tlm  total 
llfa<«ycla  coats  of  the  system  to  b*  dovolopod. 

The  decreasing  lavarage  to  ochiov*  minimum  coat, 
aa  the  investment*  in  a  system  lncreaae,  is  shown 
in  figure  3.  Ixaaplea  of  the  daclaiona  sidi 
throughout  tha  daalgn  process  and  their  coat  impact 
ic  illustrated  in  figures  4  and  5.  It  la  moat 
important  that  tha  daalgn  ongiMar  la  provided  with 
qualitative  and  quantitative  Mnufacturlng  coat 
data,  besides  Mchanlcal  property  data,  ate.,  if 
a  daalgn  is  to  ovolv*  that  not  only  Mata  or  ex¬ 
ceeds  parforaanco  goals,  but  dMa  ao  at  an  afford¬ 
able  coat  and  ahead  of  the  competition. 

The  HC/DC  in  o  source  of  manufacturing  mo- 
hour  data  for  both  Mtalllc  end  non-Mtallic 
discrete  parta  and  assemblies.  It  allows  tha 
design  engineer  to  ovaluat*  "on  paper"  the  various 
design  approaches  envisioned  and  their  relative 
overall  manufacturing  cost.  Tha  contents  of  tho 
MC/DC,  whoa  fully  dovolopod,  la  shown  in  Figure  6. 
taamplM  of  how  the  MC/DC  will  bo  obi*  to  old  th* 
design  engineer  at  tha  conceptual  daalgn  phase , 
are: 

*  Based  on  long-range  Mtoriol  costa  and 
projections  of  availability,  evaluate 
alternative  solutions,  ouch  os  the  appli¬ 
cation  of  compocltM  vo.  Mtala 

e  Avoid  coat-drivera  by  determining  the 
lowaat  cost  Mnufacturlng  Mthoda/ 
processes  with  available  Mteriala 

o  Highlight  tha  potential  cost  impact 

resulting  from  designs  utilising  strategic 
motels  and  alloys  such  as  titanium,  cobalt, 
end  chromlia.  Study  design  oltarnatlvaa 
to  identify  cost  impact  early  and  avoid 
"built-in"  cost  escalation 

o  Provide  Mnagamant  with  realistic,  tinely 
aatlMtca  of  projected  manufacturing  coots 

o  Facilitate  interaction  between  Mnufactur¬ 
lng  and  engineering  at  tha  phase  whan 
manufacturing  input  to  tha  daalgn  will 
have  the  maxi nun  impact  on  produclblllty 

o  Provide  design  engineers  with  a  comprehen¬ 
sive  aourca  of  data  or  a  tool  to  oMblo 
trade-off a  to  bo  conducted  between  manu¬ 
facturing  coats.  Including  tost,  inspec¬ 
tion,  and  evaluation  (THE),  and  th* 
performance  of  tho  lyata. 
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forests  la  th*  MC/DC  have  bean  especially  developed 
to  nlnlmls*  the  possibility  of  schedule  slippage. 

The  MC/DG  will  be  available  la  hard  copy  (Vring 
binder  aad  pocket  version),  sad  also  as  a  conpu- 
terlsed  data  base  aad  lataractiva  coeputerliad 
eye tea  (Manufacturlag  Cost /Design  fystsa  HC/DS) . 


Production  Phase 

Provided  that  aa  acceptable  design  has  been 
released  aad  every  effort  has  bean  aade  to  utilise 
the  lowest  cost  aatsrials  aad  aaaufacturlag  tech¬ 
nologies.  the  product  should  proceed  late  produc¬ 
tion  at  aa  acceptable  cost  level.  Unfortunately, 
this  Is  aa  Ideal  situation,  but  continued  applica¬ 
tion  of  dealgn-to-cost  aad  asaufaeturlag-to-eoat 
principles  throughout  all  design  aad  production 
phases ,  a*  exemplified  by  the  HC/DC,  will  help  to 
achieve  the  desired  goal  of  affordable  performance. 

Most  production  progress  experience  a  "start¬ 
up"  aad  "shake-down"  phase  to  correct  engineering 
and  tooling  discrepancies  aad  achieve  shop  learn¬ 
ing.  This  la  nonal,  but  th*  coat  and  schedule 
lapact  can  be  minimised  If  corrective  action  la 
taken  la  a  finely  aad  organised  aaaaer. 

An  Indirect  benefit  of  the  MC/DC  is  the 
autual  understanding  and  Interaction  that  results 
berween  design  engineering  aad  aaaufacturlag.  The 
MC/DG  continues  to  be  a  valuable  tool  throughout 
the  production  prograa.  for  example  It: 

a  Provides  data  necessary  to  evaluate  the 
coat  lapact  of  proposed  or  necessary 
changes  brought  about,  for  axaapla,  by 
codifications  In  system  ales Ions. 

a  Provides  justification  and  a  method  to 
evaluate  cost  lap act  of  necesaary  changes 
resulting  froa  the  requirement  to  substi¬ 
tute  alternative  materials  due  to  short¬ 
ages.  lead-time*  or  Increased  performance 
requlreaencs  (coat  could  either  be  lowered 
or  Increased). 

*  Provides  cost  analysis  data  necessary  to 
justify  th*  feasibility  of  latrojuclag 
new  materials  or  eaerglag  technologies 
into  ongoing  programs. 

*  Provides  a  "bench-mark"  or  "baseline"  to 
document  productivity  galas. 

e  Promotes  better  Industry  aad  euatomar 
relations  by  providing  a  cowan  baseline 
or  starting  polut  for  coat  vs.  perfor¬ 
mance  studies. 

e  Provides  method  to  determine  "break-even" 
points  for  Introduction  of.  for  example, 
forgings  or  precision  eastings,  vs.  "hog- 
outs." 
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Wg.  6  MC/DC  values  con  taut  a:  "Msnufacturlng 
Tactnologlss  for  Alrfrsesa" 


TITANIUM  PUSILAOI  SHEAR -PANEL  TRADC-STUOV 


APPROACH 
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FORMULATE 


DEVELOP 
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GROUND  Slim 
POP 

TRADE  STUDY 


RAMIL  DEMON 
-  APPROACH  TO 
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AVAILABLE 

STRUCTURAL 

SECTIONS 


STRUCTURAL  01  SI  ON 
PREMISES 

-  DESIGN  LOADS 

-  STRUCTURAL  DESIGN 
CRITERIA 

-  ANALYSIS 
MSTMOOOLOOY 


DESIGN  CONRIOURATIONS 

-  PRAMS  ANO  STRINGER 
SPACING 

-  PR  AMS /STRINGER 
INTERSECTION  DETAILS 

-  SIZING  OR  ALL 
COMPONENTS 
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MECHANICAL 
PASTINESS 
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TOOLING 

MATERIAL 
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7  Typical  axaapla  of  da sign  approach 
utilising  HC/DG 
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APPENDIX  F 
EXAMPLE  OF  BRIEFINGS 
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INDUSTRY  APPLICATION 
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MAJOR  COST  DRIVERS 
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ADVANTAGES  OF  TEAM  APPROACH 
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‘MANUFACTURING  COST/OESIGN  GUIDE  (MC/DG)” 


METHODOLOGIES 

FOR 

DESIGNER  S  GUIDANCE  TOWARDS 
LOWER  COSTS 


COST-DRIVER  EFFECT  (CDE) 
AND 

COST-ESTIMATING  DATA  (CED) 


OBJECTIVES 

•  TO  DEVELOP  A  SIMPLE  APPROACH  FOR  THE  USE  OF  FORMATTED 
DATA  BY  DESIGNERS  TO  ACHIEVE  LOWER  FABRICATION  COSTS 
DURING  DESIGN  PHASES 

•  TO  PROVIDE  QUALITATIVE  COST  GUIDANCE  TO  THE  DESIGNER  TO 
ASSURE  LOWEST  FABRICATION  COSTS 

•  TO  PR  r VIDE  THE  DESIGNER  WITH  A  CAPABILITY  TO  PERFORM 
SIMPLE  TRADE-OFFS  TO  ACHIEVE  QUANTITATIVE  ROM  DELTA 
FABRICATION  COSTS 
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ALUMINUM  CHANNEL,  STRAIGHT  MEMBER. 
LOWEST  COST  PROCESS 
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ALUMINUM  RIB,  LOWEST  COST  PROCESS 

RUBBER  PRESS 


(2)  FORMED  IN  "O"  OR  "W"  CONDITION.  FINAL  TEMFER  T62 


ALUMINUM  NON -CYLINDRICAL 
CURVATURE  SKIN*, 
LOWEST  COST  PROCESS 


CDE  AND  CED  METHODOLOGIES 
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GUIDE  TO  DESIGNER  INFLUENCED 
COST  ELEMENTS  (DICE) 


M 

A 

T 

E 

R 

1 

A 

L 

_ 

N.  DESIGNER  INFLUENCED 
\  COST  ELEMENTS 

BASE  PART  \ 

MANUFACTURING  METHOD  Ny 

STANDARD  JOGGLE  | 

FLANGED  HOLES 

BEADS 

HEAT  TREATMENT 

SPECIAL  FINISH 

SPECIAL  TOLERANCE 

LINEAL  TRIM 

END  TRIM 

CUTOUTS  W/O  FLANGES 

LEGEND 

RATING 

B 

NOT  APPLICABLE 

N 

NO  ADDITIONAL 
COST  INCL.  IN 

BASE  PART  COST 

L 

LOW  ADDITIONAL 
COST 

ALUMINUM 

BRAKE  FORM 

n 

a 

a 

H 

L 

H 

a 

n 

BRAKE/BUFFALO  ROLL 

a 

a 

a 

H 

L 

H 

a 

D 

A 

AVERAGE  ADDI 
TIONAL  COST 

BRAKE  STRETCH 

a 

a 

a 

a 

N 

i 

D 

DIE  FORM 

N 

N 

tii 

N 

L 

N 

. _ 

m 

n 

H 

HIGH  ADDITIONAL 
COST 

DROP  HAMMER 

N 

N 

N 

a 

D 

a 

D 

D 

FARNHAM  ROLL 

X 

L 

X 

H 

L 

H 

L 

X 

A 

Percentage  Coat  Ranges 

For  Above 

L  Up  to  10% 

A  10-30% 

H  Above  30% 

ROUTED  FLAT  SHEET 

X 

L 

X 

H 

L 

H 

L 

X 

L 

RUBBER  PRESS 

N 

N 

N 

H 

L 

A 

>- 

L 

L 

STRETCH  FORM 

X 

L 

X 

A 

L 

N 

A 

X 

A 

YODER  ROLL 

L 

L 

X 

H 

L 

H 

A 

A 

A 

YODER  STRETCH 

L 

L 

X 

H 

L 

N 

A 

L 

A 

r 

TITANIUM 

BRAKE  FORM  R.T. 

A 

L 

X 

X 

L 

H 

H 

H 

L 

R.T.  BRAKE/HOT  STRETCH* 

A 

L 

X 

X 

L 

L 

H 

H 

H 

CREEP  FORM* 

X 

L 

X 

X 

L 

L 

H 

H 

H 

FARNHAM  ROLL 

X 

L 

X 

X 

L 

H 

H 

H 

H 

HOT  PRESS* 

N 

L 

N 

X 

L 

L 

N 

N 

L 

PREFORM/HOT  SIZE* 

N 

L 

N 

X 

L 

L 

N 

N 

L 

r 

STEEL 

BRAKE  AND  BUFFALO  ROLL 

A 

L 

X 

X 

L 

H 

H 

A 

L 

□RAKE  FORM  R.T. 

A 

L 

X 

X 

L 

H 

L 

L 

L 

BRAKE/R.T.  STRETCH 

A 

L 

X 

X 

L 

A 

H 

L 

A 

FARNHAM  ROLL 

X 

L 

X 

X 

L 

H 

H 

L 

A 

RUBBER  PRESS 

N 

N 

N 

X 

L 

A 

L 

L 

L 

STRETCH  FORM 

JL 

L 

X 

X 

_ 

L 

l^L 

H 

L 

’Denotes  one  or  more  elevated  temperature  processing  step*. 
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SAMPLE  PARTS  USED  TO  DERIVE 
COST  DATA  FOR  MC/DG 


•  Aluminum 

•  Steel 

•  Titanium 

►on  l«m»n 
M"  10  144“ 

»w«nM  font  Comowtod  0«m 

•  Mi  Form  •  Niokl/NuttMo  Noll 

•  NiMm  hoi  •  ktktlSimc* 

•  Nukfeoi  Orm 


Sheet  Metal  Aerospace  Base  Parts 
Example: 

Aluminum  Stringers 


Mechanically 


Fastened  Assemblies 


Advanced 


Compsites 


Example: 

Fuselage  Door  Assembly 


Example: 
Panel  Structures 


•  Graphite/epoxy 


O  o 
Z  P 

<  S£ 

2  £2 
3  2< 
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ALUMINUM  SKIN  PANEL 

CONSTANT  THICKNESS 
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ALUMINUM  FAIRING 
COMPOUND  CURVATURE 


MC/DG-A-11 
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DECISION  CONSIDERATIONS  FOR  SHEET-METAL  DESIGNS 
UTILIZING  MECHANICALLY  FASTENED  ASSEMBLIES  SECTION 


STRUCTURAL  ASSEMBLY 
WITH  SHEET-METAL 
FARTS  JOINEO  BY 
MECHANICAL  FASTENING 


UTILIZE  DATA  AND 
FORMATS  DEVELOFED 
FOR  DEMONSTRATION 
SECTION 


TRADE-OFF  BETWEEN 
VARIOUS  SHEET-METAL 
CONFIGURATIONS 


Li_nji_rL 


MATERIAL  TYPE 


PART  CONFIGURATION 


BASE  PART 
FLAT 

FLAT,  FLANGED 
SINGLE  CONTOUR 
COMPOUND  CONTOUR 

DICE 
BE  AOS 

LIGHTENING  MOLES 
CUTOUTS 
SPECIAL  TRIM 
HEAT  TREAT 
OTHER 


FORMING  METHODS 


ADDITIONAL  PROCESSES 


TOOLING 


EMERGING 

TECHNOLOGIES 


SELECTED 
REPRESENTATIVE 
FORMED  METAL 
FARTS  -  ASSEMBLED 
AND  JOINED 
1ST  ORDER  OF  ASSY. 
FASTENERS 


TRADE  OFF 
COMPARATIVE  COSTS 
FOR 

STRUCTURAL 

ASSEMBLIES 


ASSEMBLY 


JOINING 

FASTENERS 


SPECIAL 

TOOLING 


ADDITIONAL 
PROCESSES 
AS  REQUIRED 


MATERIAL  TYPE 


PART  CONFIGURATION 


BASE  PART 
STRAIGHT 
SINGLE  CONTOUR 
COMPOUND  CONTOUR 
TWIST 

DICE 

JOGGLES 

LIGHTENING  HOLES 
SPECIAL  TRIM 
HEAT  TREAT 
OTHER 


FORMING  METHODS 


ADDITIONAL  PROCESSES 


TOOLING 


EMERGING 

TECHNOLOGIES 


F-41 
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MC/DG  SECTION  SELECTION  AID 
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"MANUFACTURING  COST/DESIGN  GUIDE  (MC/DG)" 

COST-DRIVERS  IN  MECHANICALLY  FASTENED 
ASSEMBLY  FABRICATION 
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EFFECT  OF  PART  COUNT  AND  FASTENING  METHOD 
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NUMBER  OF  PARTS  (EXCLUDING  FASTENERS) 


MAN-HOURS/ASSEMBLY  (RECURRING) 
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INSTALLATION  COSTS  FOR  ALUMINUM  RIVETS 


IB 


INSTALLATION 


-  DRY 

5 

PRIMER  OR 
SEALANT  ON 
FASTENER  ONLY 

6 

INSTALLATION  METHOD  CURVE 

MANUAL 

AUTO¬ 

MATIC 

80%  AUTO 
20%  MANUAL 

SEALANT  ON 
FASTENER  AND 
FAYING  SURFACE 


FOR  NONRECURRING 
TOOLING  COSTS  SEE 
CED-MFA-3 


200  400  600  800 

TOTAL  FASTENERS  IN  ASSEMBLY 


CED-MFA 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E) 
RECURRING  MAN-HOURS  FOR  MECHANICALLY 
FASTENED  ALUMINUM  ASSEMBLIES 


Lv- 


k“  • 

►V’ 


V"V. 


rm 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E) 
NONRECURRING  TI&E  MAN-HOURS  FOR 
ALUMINUM  AND  TITANIUM  ASSEMBLIES 
USING  MANUAL  OR  COMBINED  AUTOMATIC/ 
MANUAL  FASTENING  METHODS 


Number  of  Fasteners 


CED-TI&E-MFA-3 


F-49 


Relative  Cost 


f  ..->1  -  T.  I  T.-1  '  -N  1  ’  -v.\  -  '  -  '  ^ 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E) 
ADVANCED  COMPOSITES 
EFFECT  OF  MAXIMUM  ALLOWABLE 
DEFECT  SIZE  ON  TI&E  COST 


Defect  Size 


iCDE-TI&E-G/E-V 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E) 
COMPOSITE  SINE-WAVE  SPAR 
NONRECURRING  COST/PART 


Part  Length,  Fact 


1.5-h  h- 


I 


Typical 

Section 


l 


CED-TI&E-G/E-10 
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TEST,  INSPECTION  AND  EVALUATION  (TI&E) 
COMPOSITE  SINE-WAVE  SPAR 
RECURRING  COST/PART 


Typieol 

•action 


•  Appllta  to  laminates  up  to  24  pilot. 


CED-TI&E-G/E-9 
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DETAILS  OF  BASELINE  FUSELAGE  PANEL  IN  ADVANCED  COMPOSITE  TRADE-STUDY 

CONCEPT  A  -  BASELINE 


4  PLY  (041 


LIGHTWEIGHT/HIGH  COMPLEXITY  COMPOSITE  FUSELAGE  PANEL 


MINIMUM  PART  COUNT  COMPOSITE  FUSELAGE  PANEL  (PLATE  SKIN/3  FRAMES) 
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24  PLY. 
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ADVANCED  COMPOSITES  TRADE  STUDY 
Formats  Ut  ilred  for  Integrated  Examp  Is 


Concept 

Cost  Item 

Format  Number 

Lightweight/High 

Complexity 

Me chenicelly- Fastened 

(Configuration  A-I 
and  A-II) 

Skin 

Hat  Stringers 
"J"  Frans 

Strip  Plies 

Cut* outs 

Cut-out  Doublers 

Assembly  (Mechanical) 

CED-G/E-7  and  CED-G/E-8 
CED-G/E-1  and  CED-G/E-2 
CED-G/E-3  and  CED-G/E-4 
BICE-G/E-1 

DICE-G/E-2 

D1CE-G/E-4 

CED-MFA-2  and  CED-MFA-3 

Lightweight /High 
Complexity  Cocured 

(Baseline  - 
Configuration  A-III) 

Skin 

"JM  Stri  .gars 
" j  '  Frames 

Strip  Plies 

Cut-outs 

Cut-out  Doublers 

Assembly  (Cocured) 

CED-G/E-7  and  CED-G/E-8 
CED-G/E-3  and  CED-G/E-4 
CED-G/E-3  and  CED-G/E-4 
DICE-G/E-1 

DICE-G/E-2 

DICE-C/E-4 

CED-G/E-10 

Moderate  Weight/ 
Moderate  Complexity 

4  S t ringers /3  Frames 

:onfiguration  B) 

Skin 

"J"  Stringers 
"J"  Frames 

Strip  Plies 

Cut-outs 

Cut-out  Doublers 

Assembly  (Cocurcd) 

CED-G/E-7  and  CED-G/E-8 
CED-G/E-3  and  CED-G/E-4 
CED-G/E-3  and  CED-G/E-4 
DICE-G/E-1 

DICE-G/E-2 

DICE-G/E-4 

CED-G/E-10 

Moderate  Weight/ 
Moderate  Complexity 

3  Stringers/3  Frames 

(Configuration  C) 

Skin 

"J"  Stringers 
"J"  Frames 

Strip  Plies 

Cut-outs 

Cut-out  Doublers 

Assembly  (Cocured) 

CED-G/E-7  and  CED-G/E-8 
CED-G/E-3  and  CED-G/E-4 
CED-G/E-3  and  CED-G/E-4 
DICE-G/E-1 

DICE-G/E-2 

DICE-G/E-4 

CED-G/E-10 

Minimum  Pert  Count 

(Configuration  D) 

Skin 

"J"  Frames 

Strip  Plies 

Assembly 

CED-G/E-7  and  CED-G/E-8 
CED-G/E-3  and  CED-G/E-4 
DICE-G/E-1 

CED-G/E-10 

F-62 


COMPOSITE  HAT  SECTION  RECURRING  COST/PART 


'  ’  'VI  'U'  TI  t  r’^T~T'~Trr*lf 
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COMPOSITE  HAT  SECTION  TOTAL  NON-RECURRING  TOOLING  COST/PART 
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COMPOSITE  J  SECTION  RECURRING  COST/PART 

Port  Length 
•  Number  of  Plies 
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ON- RECURRING  TOOLING  COST/PART 


CED-G/E-4 
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SINGLE  CURVATURE  SKIN 
RECURRING  COST/PART 


INFLUENCED  BY 


AREA 

NUMBER  OF  FLIES 
CURE  STAGE 
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SINGLE  CURVATURE  SKIN  NON-RECURRING  TOOLING  COST/PART 


CUTOUT-HOLE  RECURRING  COST/DETAIL 


See  Ground  Rules  for  Limitations  and  Considerations 
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